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ABSTRACT 
 
 
Background  Epidemiological studies of both physical activity and sedentary behaviour in 
Kuwait and Middle East are scarce and rely almost entirely on self-reported measures. Levels 
of physical activity and sedentary behaviour patterns have not been described using objective 
measures. Research on sociodemographic correlates of physical activity and sedentary 
behaviour are limited and the links between physical activity, sedentary behaviour with 
adiposity and blood pressure are unclear and inconsistent.  
Aims  The main aim of this PhD was to describe the levels of physical activity, sedentary 
behaviour and their socio-demographic correlates among adolescents in Kuwait using self-
reported and accelerometer based measures and to examine the associations of physical 
activity and sedentary behaviour with two sets of key cardiometabolic outcomes (adiposity 
and blood pressure). 
Methods Participants (279 male and 310 female) in school grades 6-12 were recruited. 
Physical activity and sedentary behaviour were assessed using a self-administered 
questionnaire and a GT1M Actigraph accelerometer worn for 7 consecutive days.  
Results  Very few adolescents met the physical activity recommendations, 14% using 
self-report and 2% using objective physical activity measure. Results revealed that 93% of 
the adolescents in this study did not limit screen time to less than two hours per day. 
Accelerometer based physical activity was lower among girls and declined with age, while 
sedentary behaviour was higher among girls and increased with age. The study revealed that 
accelerometer based physical activity and sedentary behaviour was not associated with 
adiposity or blood pressure.  
Conclusion These data will provide baseline information to enable governmental 
authorities to steer physical activity promotion programmes to key target populations. The 
low physical activity levels documented in this study call for action to promote physical 
activity and reduce sedentary behaviour among Kuwaiti adolescents.  
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Chapter 1: Introduction 
 “If we could give every individual the right amount of nourishment and exercise, not too 
little and not too much, we would have found the safest way to health.”  
Hippocrates, 460-377B.C.  
 “Lack of activity destroys the good condition of every human being while movement and 
methodical physical exercise save it and preserve it.” 
Plato, 380B.C. 
 
As indicated by the quotations above, the link between health and physical activity 
(PA) has been speculated about for more than 2000 years. The scientific evidence regarding 
this dates back to the mid-20
th
 century (1, 2). Since then, a large volume of observational and 
experimental studies has documented the positive health gains of PA (3). Insufficient PA has 
been speculated to be the largest public health problem of our time (4, 5). 
 
The worldwide prevalence of overweight and obesity among adolescents is high (6). 
This is also true for the rate of prevalence of overweight and obesity among children and 
adolescents in Arab countries (7). The negative impacts of obesity on insulin sensitivity and 
disturbances in the pathogenesis of glucose metabolism are evident early in childhood (8). 
Obesity in children appears to be a major risk factor for type 2 diabetes (8, 9). Obesity is also 
linked to several chronic conditions including hypertension, non-alcoholic liver disease, 
insulin resistance, dyslipidaemia, pulmonary disorders and psychological problems (10, 11). 
Over the past decade evidence of a rising worldwide epidemic of childhood obesity suggests 
that the life expectancy of children may be lower than that of their parents due to the adverse 
health effects of obesity (12, 13).  
 
Adolescence is a stage where individuals leave the influences of their family and start 
to develop their own behaviours and lifestyle (14), thus a key period for obesity development 
(15). Obesity is a multifaceted problem that is not wholly understood. Improving our culture 
specific understanding on the factors that contribute to obesity during adolescence may assist 
policy makers to develop initiatives aimed at improving young and adult health and well 
being (16). Weight gain may be predisposed by genetic factors (17), but the lifestyle 
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behaviours of children and adolescents have the largest effect on energy balance (18). 
Lifestyle factors such as nutrition, PA, and sedentary behaviour (SB) contribute to adolescent 
obesity (7, 19).  
 
The benefits of establishing physically active lifestyles during childhood include 
improved mental health, self esteem and social interaction. Understanding the factors 
influencing PA can aid in the design of more effective intervention programmes. There is an 
emerging body of evidence suggesting that SB (as characterised by activities involving 
sitting) is linked to cardiometabolic disease in young people (20, 21). Technological progress 
in recent decades has created less demand for PA, and this may have a profound impact on 
the behaviour of children and young people (22). Available evidence from prospective 
observational studies suggests that increased PA and decreased SB protect people against 
relative weight and fatness gains over childhood and adolescence (23), although the evidence 
about SB is less conclusive.  
 
A recent survey conducted in Kuwait indicated that the (self-reported) PA levels of 
adolescents are low (24). Technological advances have made it possible to objectively 
quantify the time spent in sedentary, light-intensity, and moderate-to-vigorous physical 
activity (MVPA) behaviours. This has improved the methodology for measuring activity 
patterns, which previously relied mainly on self-reports (25). Improved methods of 
measuring PA would help to establish important prevention and intervention targets, identify 
subgroups or develop periods where interventions would be likely to take effect. PA and SB 
research is, however, limited in volume in Arab countries. In addition, the research available 
presents methodological limitations, such as reliance on a self-reported questionnaire for data 
on PA and SB (26).  
 
There are no studies to date that report accelerometer-based PA and SB levels among 
adolescents in Kuwait or the Middle East. To address gaps in our knowledge of PA and 
obesity amongst Kuwaiti adolescents, the Study of Health and Activity among Adolescents 
in Kuwait (SHAAK) was designed to generate comprehensive data about the levels and 
patterns of PA, SB and adiposity among adolescents in Kuwait. These data will provide 
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baseline information for the governmental authorities, in particular the Ministry of Health’s 
National Programme to control obesity, which has funded the present research. The broad 
aim of this thesis is to describe the prevalence and the demographic and socioeconomic 
correlates of PA and SB as well as the associations of these behaviours with key 
cardiometabolic outcomes among a sample of school age adolescents in Kuwait. SHAAK 
will be the first study to report objectively measured PA and SB data in a school sample of 
Kuwaiti adolescents. The remainder of this chapter will describe operational definitions of 
the key concepts in general and give a brief overview of the socioeconomic, cultural, health, 
and environmental context of Kuwait.  
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1.1 Operational definitions of key concepts 
1.1.1 Physical activity  
PA is defined as ‘any bodily movement produced by skeletal muscles resulting in 
energy expenditure above the basal level’ (27).  PA is a broad term covering any bodily 
movement, including such subtle movements as fidgeting, competitive sport, daily exercise, 
and non-competitive activities such as cycling and walking. A subcategory of PA, exercise, 
refers to bodily movement which aims to sustain physical fitness and is structured, 
intentional and repetitive (27).  
 
PA can be described in terms of the following dimensions : 
 Frequency of participation, often expressed as a number of sessions per day, week, 
month, etc.  
 Duration refers to the time spent on a single bout of activity, expressed in minutes or 
hours.  
 Type or mode refers to qualitative descriptions, such as walking, dancing or weight 
lifting (28).  
 Intensity indicates how strenuous a given activity is and can be linked to the rate of 
energy expenditure (EE) required. Intensity is classified as sedentary, light, moderate 
or vigorous and is often expressed in relative EE units, e.g. metabolic equivalent 
(MET).  
 
A product of two PA dimensions, volume, refers to the total quantity of PA through a 
specific period; it is calculated as frequency x duration. One MET corresponds to the rate of 
EE during rest. Assuming a 40- year-old male who weighs 70 kilograms (kg), one MET 
corresponds to 3.5 millilitres of oxygen per kg of body weight per minute. METs are used to 
estimate the energy cost of an activity (29). 
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Commonly used MET standards  of intensity are (29):  
 Light corresponds to <3 METs 
 Moderate lies in the range of 3-6 METs          
 Vigorous corresponds to >6 METs          
 
The Compendium of Physical Activities codes PA by intensity (29). In the Compendium, 
all the physical activities are reported as multiples of the resting MET level; these range from 
0.9 (sleeping) to 18 METs (running at 17.5 km per hour) (see Table 1.1 for examples of PA 
intensities with corresponding MET values) (29). 
 
1 0Table 1.1 Common physical activities classified as light, moderate or vigorous in 
intensity with corresponding MET values (29) 
Light <3 METsª Moderate 3-6 METs Vigorous >6 METs 
Walking slowly – light   
effort = 2.9 
Walking moderate speed 3.0 
km/hᵇ = 5.7 
Jogging at 8 km/h = 8.5 
 
Running at 11 km/h = 9.3 
Standing performing light 
work such as 
making lunch, putting away 
groceries= 2.0–2.5 
Bicycling: light effort = 4.7 
 
Soccer — casual = 8.8 
competitive = 11.0 
 
Playing most musical 
instruments = 2.0–2.5 
 
Table tennis = 4.0 
 
Basketball game = 8.2 
 
ªMET: Metabolic equivalent ᵇkm/h: kilometres per hour 
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Physical activity and sedentary behaviour guidelines: 
 
Several countries have devised PA guidelines for children and adolescents 
corresponding to the minimum levels of PA required to achieve health benefits. For example, 
the UK Chief Medical Officer’s (CMO) 2011 guidelines below refer to all children and 
young people between 5 and 18 years old, regardless of gender or ethnicity (30):  
 
1. Children and young people should engage in MVPA for at least 60 minutes and up to 
several hours every day.  
2. Vigorous intensity activities, including those that strengthen muscle and bone, should be 
incorporated at least three days a week. Such activities include: resistance-type exercise 
typical of high intensity sportive activities such as dancing, water-based activities or weight 
(resistance) training. 
3. Children and young people should minimise the amount of time spent being sedentary 
(sitting) for extended periods.  
 
The World Health Organization (WHO) globally recommends the same guidelines to 
5-18 year olds  as are mentioned above, as well as recommending that amounts of PA greater 
than 60 minutes provide additional health benefits (31). The  USA Centre for Disease 
Control (CDC)  (32) has the same guidelines as the UK CMO and the WHO. The UK CMO 
guidelines also include recommendation to minimise sedentary time. Guidelines suggest 
minimising SB by reducing time spent watching television (TV),  using the computer or 
playing video games and breaking up sedentary time such as shortening a long bus or car 
journey by walking part of the way (30).  
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In a conference held in January 2010 (33), a strategy prepared by the Arab Taskforce 
for Obesity and PA (based in Bahrain) to combat obesity and promote PA in Arab countries 
presented the following objectives for elementary and secondary school students: 
1. Increasing the proportion of children who are physically active for one hour or more 
on five or more days of the week by 25%. 
2. Reducing by 20% the percentage of students who watch television daily for more 
than two hours. 
3. Increasing the awareness of parents of schoolchildren by 50% of the importance of 
physical activity and healthy nutrition for these children. 
The evaluation of the strategy will depend on the availability of baseline PA and SB data 
in each Arab country. Due to lack of comprehensive PA and SB studies in most Arab 
countries, the suggested percentage changes of PA and SB are based on the available WHO 
statistics through the Global School-based Student Health Survey (GSHS) (24).  To fulfil the 
above objectives in Kuwait by the year 2015, as suggested by the strategy, comprehensive 
data (self-reported and objectively measured) on existing patterns of PA and SB among 
adolescents in Kuwait would provide baseline information for comparative purposes or 
follow up studies (33) 
1.1.2 Sedentary Behaviour 
SB refers to any waking activities that are characterized by an EE equal to or less than 
1.5 MET and a sitting or reclining posture (34, 35). SB is considered a distinct class among 
low energy expenditure behaviours. TV viewing and screen time in particular are the most 
commonly reported sedentary behaviours (36). The average sedentary time (TV viewing) for 
children and adolescents in the UK is approximately three hours on weekdays and four hours 
daily at weekends (37). Indoor entertainment includes computer games, television viewing 
and internet use (38).  
 
SB can be estimated by self-reporting (questionnaires), or objective methods (e.g. 
accelerometers and inclinometers). Questionnaires can estimate sedentary time by inquiring 
about hours spent on TV viewing, playing computer games, reading and using a computer. 
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Accelerometers can estimate sedentary time based on lack of movement, while inclinometers 
can provide postural information, such as whether the subject is sitting, lying down or 
standing upright  (34, 39).   
1.1.3 Adiposity indices  
Adiposity is defined as the body fat deposit at a site or an organ in the body (40). 
There are direct and indirect methods of estimating the level of fat in the human body. Direct 
methods include, measuring total body water using isotope dilution. Criterion methods 
include dual-energy X-ray absorptiometry (DEXA) and computed tomography (41). Indirect 
methods, such as the body mass index (BMI) and waist to hip ratio, can be used in clinical 
practice to estimate adiposity (41).  
 
To date there is no universally accepted classification system for childhood obesity. 
The lack of a universally accepted definition for childhood obesity makes it difficult to 
monitor the growth of the obesity epidemic and to compare the results of different studies. 
Various attempts have been made to develop BMI-based classification systems (42), 
although such systems are inherently difficult to develop because adiposity in youth cannot 
be linked to chronic disease risk (43).   
 
Body mass index 
Calculated as weight (kg) divided by height squared (m²), body mass index (BMI) has 
been closely correlated with directly assessed adiposity in children and adults (44-46). BMI 
is considered a reasonable measure for classifying obesity in children, and it is recommended 
by the International Obesity Task Force (IOTF) (42), the CDC (47) and the WHO (48). In 
order to develop a definition of child overweight and obesity which is internationally 
recognisable and acceptable, Cole et al (42) proposed cut off points which are age- and sex-
specific. The suggested cut off points are less arbitrary than any currently available and offer 
(49) a classification system for international comparisons of the prevalence of overweight 
and obesity in children (42). These cut off points cover children and adolescents aged 2-18 
years and are based on international reference data which are statistically linked to a BMI of 
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25 (overweight) and 30 (obese) kg/m2 (42) (see Table 1.2 for the international cut off points 
for BMI for overweight and obesity by sex between 12 and 18 years).  
 
 
1 0Table 1.2 International cut off points for body mass index for overweight and obesity 
by sex between 12 and 18 years (42) 
Age (years) Body mass index 
25 kg/m2 
Body mass index 
30 kg/m2 
Males Females Males Females 
12 21.22 21.68 26.02 26.67 
13 21.91 22.58 26.84 27.76 
14 22.62 23.34 27.63 28.57 
15 23.29 23.94 28.30 29.11 
16 23.90 24.37 28.88 29.43 
17 24.46 24.70 29.41 29.69 
18 25 25 30 30 
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Waist Circumference 
Waist circumference (WC) is an adiposity proxy that reflects body fat distribution and 
is linked to central obesity. WC is usually measured midway between the lower thoracic 
margin and the iliac crest (50). The WC is particularly useful owing to the relevance of 
abdominal fatness and its association with metabolic dysregulation and chronic disease risk 
(51). This association is already established in adults, and emerging new evidence testifies to 
the importance of abdominal fatness as a risk factor in children and adolescents (52, 53). 
Variation in WC does track variation in fatness to a reasonable extent, but normative data for 
children and adolescents are limited (53) and  more work is needed to better define the 
relationship between WC, intra-abdominal and subcutaneous fatness and chronic disease risk 
factors in children and adolescents (54). 
 
Bioelectrical impedance 
Another measure of adiposity is bioimpedance which is used to estimate body fat. 
Bioimpedance works by measuring the body’s resistance to an electrical current. Adipose 
tissue resists the flow of electricity through the body; therefore, the less fat people have, the 
easier it is for electricity to flow through their bodies. A number of body composition 
prediction equations using bioimpedance have been developed for use in child and adolescent 
populations (55-57). Most equations incorporate bioimpedance with height and weight to 
predict fat-free mass (muscle, bones, organs, body water and other body tissues) assuming a 
constant hydration status (58). Still, bioimpedance has limitations, including the fact that the 
equations employed to convert resistance to body fat must be population specific and may 
not always be available. Hydration status, regional blood flow and body temperature may 
also affect the results of bioimpedance (54). The US Preventive Services Task Force has 
indicated that indirect measures of body fat, including bioelectrical impedance analysis, 
waist-hip circumference and skin fold thickness, all have potential in clinical practice, 
research and health surveillance (59, 60). 
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Strengths and limitations of adiposity assessment methods 
 
The four-compartment model which incorporates independent measurements of body 
density, body water and bone mass to calculate adiposity in children and adolescents is a gold 
standard method that is not feasible in large epidemiological studies (61, 62). DEXA, which 
has performed very well against the gold standard, is also not readily available or feasible 
(63). Furthermore, DEXA emits radiation (although in small amounts), which may 
discourage children from participating in studies (63). Identifying feasible alternative 
methods which are closely correlated with the gold standard measures is crucial to correctly 
assessing adiposity in children and adolescents; see Table 1.3 for the strengths and 
limitations of the common tools used to assess adiposity in young people.  
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1 0Table 1.3 Strengths and limitations of adiposity assessment methods (41, 63, 64) 
Adiposity 
Measure 
Strengths Limitations Spearman 
correlation 
of adiposity 
measure 
with 
DEXA* 
r 
Body mass 
index 
Measures overall adiposity 
Simple, feasible technique 
Inexpensive 
Minimal training required 
Established international cut offs 
to define overweight and obesity 
Increased sensitivity with 
increasing adiposity  
Not able to differentiate 
between fat mass and lean 
mass 
Measures nutritional status 
and not body composition 
Norms may need to be 
ethnicity-specific 
Less sensitive in thinner 
children 
0.83 
Bioimpedance Predicts body fat composition 
Fairly simple technique 
Non-invasive 
Minimal training required 
Relies on predication 
equations to predict total 
body water and fat free mass 
Difficult to ensure that 
participants are fasted and 
adequately hydrated 
Need for standardisation of 
techniques, e.g. placement of 
electrodes                        
Underestimates total body fat 
in leaner children  
Overestimates total body fat 
in obese children 
0.84 
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Developed prediction 
equations are population 
specific and perform poorly 
in healthly individuals 
May be relatively expensive 
depending on choice of 
machine 
Waist 
circumference 
Robust measure of central 
adiposity 
Simple, quick and feasible 
technique 
Inexpensive 
Minimal training required 
Centile charts available 
Not accurate in measuring 
internal visceral fat 
No standard cut-off 
recommendations for waist 
circumference since it 
depends on age, gender, 
ethnicity and height 
0.79 
*DEXA: Dual energy x-ray absorptiometry 
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1.1.4 Blood pressure 
High blood pressure (BP) is a major health problem in developing countries and 
around the world, due to its increasing prevalence as a result of the epidemiological transition 
and for its strong association with cardiovascular disease in adults (65, 66). A systematic 
review and meta-regression analysis study tracking BP has suggested that elevated levels 
during childhood may lead to hypertension in adulthood (67). Normative BP ranges differ 
according to age, gender and height. It has been suggested that BP in children and 
adolescents is associated with similar lifestyle factors as in adults, namely, low levels of PA 
(49, 68), high SB patterns (69), poor diet (70) and obesity (71). 
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1.2 Kuwait environmental, cultural and socioeconomic context 
 
Lifestyle factors, cultural norms and familial circumstances in Kuwaiti society may 
have played a crucial role in the current levels of PA and SB among adolescents. This section 
summarises the environmental, cultural and socioeconomic context in Kuwait that may be 
relevant to the key concepts of this thesis, namely PA, SB and obesity.  
1.2.1 Environmental and geographical characteristics 
In 1961, a decree was issued to separate Kuwait into three governorates. The first three 
governorates are Asimah, Hawalli and Ahmadi. Three more governorates were added in later 
years ( Jahra in 1979, Farwaniya in 1988 and Mubarak al Kabeer in 1999), bringing the total 
number of governorates to six. The capital of Kuwait (Asimah governorate) is the political, 
cultural and economical center of the country. Asimah includes the Kuwaiti parliament and 
most governmental offices and corporations. The more privileged of Kuwaiti society reside 
in the Asimah governorate. The Hawalli governorate is a densely populated by various 
segments of the society. Many Arab (non-Kuwaiti) communities reside in the commercial 
areas of Hawalli. The Ahmadi governorate has the highest number of oil refineries. The 
Ahmadi governorate is predominantly peopled by employees of the Kuwait Oil Company. 
Regarded as an agricultural area, the Jahra governorate is inhabited mainly by Kuwaiti 
citizens of ‘Bedouin’ origin. 
 
Each governorate in Kuwait is divided into districts, which include residential or 
commercial areas (72). Each governorate is served by a number of state-run schools, in 
proportion to its population density. The state-run schools only permit Kuwaiti nationals 
(non-Kuwaiti students attain their education via private schools). Services in each residential 
area include governmental schools for all educational levels for each gender (schools are 
segregated), a primary health care centre, a supermarket (co-op), fast food chains (sometimes 
exceeding ten restaurants), banks, post offices, etc. Some residential areas, have a public 
sports club, while others may have a park or a walkway (a paved path about two to three km 
long located along the perimeter of an area). Sports clubs are funded by the government; only 
young boys or men are permitted to participate in a variety of sports. The only public sports 
31 
 
club for females in Kuwait is located in Asimah (the capital). It may take an hour’s journey 
by car to reach it, depending on where a family lives.  The sports clubs offer training in a 
variety of sports to boys of five years and above, for example in soccer (very popular), 
tennis, volleyball, etc. However, some parents in Kuwait do not allow their children to join 
the residential clubs. Parental concerns include the risk of injury during sports, unsuitable 
weather conditions and the loss of time for schoolwork (73).  
 
The weather may play a part in the levels of PA and SB among young people and 
people in general. Kuwait boasts a generally very dry, hot climate with frequent sand storms 
in the summer, between April and October in particular; temperatures exceed 51°C during 
the months of June, July and August. Humidity in the atmosphere often rises to 90% and 
gradually decreases by mid September (73-75). 
1.2.2 Cultural characteristics 
Some cultural norms in Kuwaiti society may have played a crucial role in 
discouraging the levels of PA and encouraging SB among adolescents. This section 
highlights some of the norms that may have done so (75). The ‘dewaniyah,’ meaning a room 
in the house secluded from the main family living space, allows only the presence of men 
who sit on cushions, chat informally, smoke, eat snacks and relax in the evening. This 
cultural characteristic is very popular today and has come to include male adolescents as 
well. Typically the young men gather at a friend’s dewaniyah and watch TV, snack, or play 
computer games (76, 77). 
 
Kuwaiti women have the freedom to dress in Western clothes or the traditional 
garment called the ‘aba’, a head to toe black cloak which covers the  clothing and is worn in 
public (73, 76). The Islamic headscarf which conceals the hair is not compulsory in Kuwait; 
however, in keeping with Islamic tradition most Kuwaiti women begin to wear it in their 
teenage years. It is not considered ‘appropriate’ behaviour for girls to engage in sports 
outside designated areas such as schools or the girls’ sports club. Therefore walking in a park 
or along a walkway is the chosen exercise for girls. Most Kuwaiti adolescent girls would be 
embarrassed to be seen running or taking part in sports in public.   
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1.2.3 Social and health policy 
Kuwaiti citizens have several privileges, granted by the government as part of social 
policy. These privileges include free health care, free education (including university), a 
financial grant upon marriage, monthly food supplies and free housing has enabled Kuwaitis 
to afford additional personal luxuries such as domestic workers and multiple cars per 
household.  
 
Thanks to its oil revenues, Kuwait has built an extensive educational system. 
Government policy on education yields a literacy rate of 90%. Education is compulsory from 
the age of 5 to 18. Undergraduate studies are provided publicly by Kuwait University and a 
number of private universities as well. Governmental schools in Kuwait are of four levels, 
pre-school, preparatory, intermediate and secondary (74).  
 
The Kuwaiti government provides equitable and high level quality health services for 
all its citizens. In 2006, Kuwait had 78 primary health care centres, which cover the six 
governorates in Kuwait . The six general hospitals provide secondary health care. Tertiary 
care provides services, including maternal care and oncology care (74).  
1.2.4 Demographic, epidemiologic and nutrition transition in Kuwait 
Economic development in a country is closely associated with demographic, 
epidemiologic and nutrition transitions. This section elaborates further on these transitions. 
The demographic situation in Kuwait is quite unique, since it contains a high number 
of expatriates in relation to the number of Kuwaiti citizens. The expatriate population in 
Kuwait is approximately 55% that of the whole population (74). The age structure of Kuwaiti 
nationals is typical of high fertility societies. In 2006, 11.4% of the population was aged 
under five years, 40% aged under 15 years, while those aged 65 and over comprised less than 
three percent (74).  The demographic transition, namely, lifestyle factors, the obesity 
epidemic and population ageing, has shifted the burden of diseases from communicable to 
non-communicable (74). Cardiovascular diseases (e.g. Hypertension, stroke and coronary 
heart disease) and metabolic disease (e.g. type 2 diabetes, metabolic syndrome) make up a 
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high proportion of the disease burden in the Kuwaiti population. Cardiovascular diseases 
account for 39.5% of all deaths in 2006 (74). However, infectious diseases were responsible 
for only 2.3% of all deaths in 2006 (74).  
 
Kuwait has gone through a nutrition transition during the past four decades. Increased 
revenue from the discovery of oil increased the availability of food in the country (78). An 
increase in the consumption of animal products and a decline in the intake of fruit and 
vegetables and complex carbohydrates registered for the period 1970-2005 (78). Kuwait has 
the highest energy consumption per capita per day of all Gulf countries. Energy from 
macronutrients in Kuwait, Saudi Arabia and United Arab Emirates are 3108, 3073 and 2923 
kcal/capita/day, respectively (78). Several factors have contributed to this change in food 
consumption patterns. Among these factors are changes in lifestyle, income, urbanization, the 
decrease in food price and improvements in food processing (78).   
1.2.5 Macroeconomic context 
Kuwait has a rich and relatively open economy; its crude oil reserves include 96 
billion barrels, which make up approximately 10% of the world’s reserves. Nearly half of 
Kuwait’s gross domestic product (GDP) consists of petroleum. Due to the harsh climate, 
agricultural development is limited. As a result, Kuwait relies mostly on food imports, the 
only exception being fish. According to the International Monetary Fund, Kuwait currently 
ranks 17
th
 among world economies in relation to  GDP. The GDP and GDP per capita are 
$94.13 billion and $32,530 respectively (74, 79).  
1.2.6 Summary 
The present chapter described the operational definitions of the key concepts in the 
thesis, namely PA, SB, adiposity and BP.  The chapter gave an overview of certain lifestyle 
factors and cultural norms specific to Kuwaiti society that may have played an important role 
in current PA levels, SB patterns and adiposity among adolescents. It also describes the main 
international PA and SB guidelines for young people. The present introductory chapter is 
followed by the literature review and the thesis aims and objectives.   
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2 Chapter 2: Literature review 
2.1 Literature review objectives and methodology 
 
The general aim of the literature review is to provide a critical synopsis of the existing 
evidence that correspond to the research objectives of SHAAK.  
The objective of this chapter was to review the literature on the following areas: 
 Levels of physical activity and sedentary behaviour in the Middle East amongst 
children and adolescents.  
 The sociodemographic correlates of physical activity and sedentary behaviour 
amongst children and adolescents. 
 The prevalence of overweight and obesity amongst children and adolescents in the 
Middle East. 
 The associations between physical activity and sedentary behaviour with adiposity 
indices amongst children and adolescents. 
 The association between physical activity and sedentary behaviour and blood pressure 
amongst children and adolescents. 
For details on sections of the review methodology, please refer to Appendix 1. 
 
The general inclusion and exclusion criteria for the core parts of this review were the 
following: 
 Only children and adolescents of 3-19 years of age were considered for inclusion in 
the review. 
 When no studies in the Middle East or Arab countries were identified, studies from 
other countries were considered. A search without the term ‘Middle East’ (or 
equivalent) was carried out (refer to Appendix 1).  
 Where possible, priority was given to meta-analysis and systematic review articles. 
 Grey literature (local WHO reports) was reviewed as well for relevant studies in 
Middle Eastern or Arab countries, by contacting experts in the field of physical 
activity in Kuwait. 
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 Only evidence from within the last 10 years was included in the main parts of the 
review, meaning that studies published before 2003 were excluded 
2.2 Review results  
2.2.1 Levels of physical activity and sedentary behaviour amongst children and 
adolescents in the Middle East 
A Pubmed search for literature that corresponds to the first literature review objective 
resulted in 335 studies, 29 of which were conducted in the Middle East or Arab countries. 
After applying the inclusion and exclusion criteria, a total of six studies were included in this 
section to provide an overview of existing PA and SB studies in the Middle East. Table 2.1 
summarizes the findings of the selected studies.  
 
A 34 country comparison studied patterns of PA and SB in school children from 
mainly developing countries (80). The study used a self-administered questionnaire 
developed by the WHO to assess health behaviours among adolescents (13-15 year olds) as 
part of the Global School Health Survey (81). Meeting the PA recommendations was defined 
as spending at least 60 minutes per day, at least five days per week (80). Among the Eastern 
Mediterranean Region countries, the prevalence of meeting the PA recommendations was 
lowest for Egypt (3.7%) and highest for Oman (34%) (80). The prevalence of SB, defined in 
the study as sitting for more than three hours per day, was highest in the United Arab 
Emirates (43%) and  lowest in Egypt (24%) (80). Although the study used representative 
sample populations from each country, PA was assessed through self-reported answers to 
three questions, all having multiple choice response options (80). A systematic review 
concluded that subjective measures of PA through self-report in paediatric populations may 
overestimate PA levels among young people in comparison to objective measures e.g. 
accelerometry (82). In addition, when developing the questionnaire used in the Global School 
Health Survey, the children expressed difficulty in differentiating between the intensity levels 
of PA (80). Furthermore, the questions used to assess overall PA were developed and 
evaluated in the US and not tested for suitability in developing countries (80). SB was 
assessed through one question inquiring about the time spent watching TV, playing video 
games, talking with friends (not including homework and sitting in school) during a typical 
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day (80). The main  limitation of assessing SB through one question is the recall and social 
desirability bias that is often associated with self-reporting (83). In addition, when 
quantifying SB hours, the questionnaire did not differentiate between active and non-active 
video games, which may have resulted in a proportion of the time being classified as 
sedentary when in fact, as previous research has suggested, the children may have been 
engaged in light or moderate PA (84).  The SB and transport questions were also not tested 
among children for reliability and validity (80).  
 
The first Global School Health Survey study was conducted in Kuwait by the 
Ministry of Health in the academic year 2010-2011 (24). The timeframe of the survey was 
seven days preceding the assessment (24). In Kuwait, 20.7% of students aged 13-15 years 
reported being physically active (intensity not specified) for a total of at least 60 minutes per 
day on five or more days during the previous seven days (24). Overall, 15.4% of students 
were physically active for a total of at least 60 minutes on all seven days (24). In addition, 
69.8% of students reported that they did not walk or ride a bicycle to or from school (24). 
The study found that 53.2% of students spent three or more hours per day seated, engaged in 
such activities as watching TV, playing video games or surfing the internet (24). In terms of 
limitations, the study included only students from the eighth to tenth grades, thus presenting 
PA and SB data from a narrow age range (13-15 years) (24). The investigated PA levels and 
SB  patterns were based on three questions (two for PA and one for SB). The questionnaire 
assessed PA through multiple choice question without specifying the type, intensity or 
duration of the PA level attained, which may have subjected the participant to difficulties in 
recall and question misinterpretation (83). The question assessing SB inquired about 
activities while seated during a typical day, such as watching TV, or playing video games – 
without differentiating the types of video gaming (active or non-active video games), which 
may have resulted in unintended misclassification bias (83), and without including other 
types of SB such as reading for leisure, doing homework or listening to music. 
 
Results from a Saudi survey using self-reported PA assessment methods, primarily 
designed to examine overweight and obesity among a sample of male adolescents in Riyadh 
and assessing PA levels, showed that the rate of adolescents exercising for one day or less 
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per week was approximately 50% (85). The study was not representative of the Saudi male 
population and did not include females. The questionnaire failed to provide a definition of 
the term ‘exercise’ for the participants, who often find difficulty in interpreting PA intensities 
through self-reports (83) or inquire about the volume of exercise in the questionnaire (85). A 
specific question on SB, moreover, was not included in the questionnaire. These limitations, 
as well as the documented pitfalls of self-reporting, apply to this study (83).  
 
A study conducted in Iran designed to examine prevalence of overweight and obesity 
and their association with PA activity patterns among adolescents, suggested that high, 
moderate and low leisure-time levels of PA overall were approximately 3%, 79% and 18% 
respectively (86). PA was determined through self-reports using the Baecke questionnaire 
and formula (87). The formula was based on the average energy expenditure cut offs to 
classify participants into high energy expenditure  (average consumption 420 kilocalories per 
hour), moderate energy expenditure (average 330 kilocalories per hour) and low energy 
expenditure ( average 180 kilocalories per hour) levels. The proportion of adolescents with 
high, moderate and low levels of sport-related PA were approximately 17%, 75% and 7% 
respectively (86). The proportion of adolescents reporting more than three hours of TV 
viewing was about 60% (86). The results of the PA of the adolescents was not reported in 
terms of meeting the MVPA recommendations and the question on SB inquired only about 
TV viewing time, which may have been less than the total of sedentary time. The study was 
conducted in Northern Iran and therefore is not representative of the Iranian adolescent 
population (86). The use of the Baecke questionnaire, designed primarily for adults, may be 
inappropriate for use in adolescents (87).  
 
A Saudi study examining self-reported PA, SB and dietary habits among Saudi 
adolescents suggested that around 56% of males and 22% of females met the MVPA 
recommendations of at least 60 minutes daily activity (88). SB of more than two hours of 
screen time daily was 84% for males and 91% for females (88). The study included a 
representative sample of Saudi adolescents and used the validated Arab Teen Lifestyle Study 
questionnaire, but the questionnaire was validated against an electronic pedometer. 
Therefore, the limitations of self-reporting in this study included but were not limited to 
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recall, social desirability and misclassification bias. Although the questionnaire did inquire 
about total screen time during a typical day, it did not inquire about other types of SB or 
differentiate active and non-active video games, which may have affected the SB results (84).  
 
An objective measure to assess PA was identified in merely one study in the Middle 
East. The study, which used pedometers to examine the levels of PA among Saudi boys,  
revealed that, on the basis of pedometer counts, more than 47% of the surveyed boys aged 8-
12 years accumulated fewer than 13000 steps per day (the daily recommended amount of 
PA) (89). In addition to the exclusion of females in the study, pedometers have several 
limitations including the over-counting of steps while driving motor vehicles, double 
counting of steps during brisk walking or running and the under-counting of steps in obese 
individuals (90). 
 
In summary, the available data on the patterns of PA and SB among children and 
adolescents in the Middle East come mainly from WHO initiated surveys. Other identified 
studies do not assess PA and SB patterns as their main objective and use different self-report 
methods. The only study using objective measures of PA and SB excluded females. Despite 
this lack of accurate data, the limited studies available suggest that PA levels among 
adolescents in the Middle East and Arab countries are low and that SB levels are high. 
However, the heterogeneity in study samples, differences in exposure and outcome variables 
and the reliance of self-report methods limits conclusions and comparisons. The literature 
highlights the need for further research using accurate, valid and reliable measures of PA and 
SB. Such research will provide evaluations of current PA and SB levels, the associations 
between PA, SB and health outcomes and provide baseline information to evaluate future 
trends of PA and SB.  
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1 0Table 2.1 Summary of physical activity, sedentary behaviour levels amongst children and adolescents in the Middle East 
Region or 
country, year, 
(reference) 
Population Study design Physical activity 
and sedentary 
behaviour 
assessment 
method 
Sample 
size 
Age range 
(years)  
Mean (SD) 
Outcome measure / main findings 
Eastern 
Mediterranean 
Region, 2010 
 (80) 
Adolescent 
male and 
female 
Cross-sectional 
survey 
Self-report Jordan: 
1719 
Oman: 
2158 
UAE: 
9916 
Egypt: 
3664 
13-15 Physical activity and sedentary 
behaviour  
Median active days (60 minutes/ day 
at least 5 days/ week  
Jordan:  Male: 2.0    Female: 1.5 
Oman:   Male: 3.0    Female: 1.0 
UAE:     Male: 3.0    Female: 1.0 
Egypt:    Male: 2.0    Female: 1.0 
All the above countries had sedentary 
behaviour levels of >3hrs per day per 
week ranging  from 25-35% 
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Kuwait, 2011  
(24) 
Adolescent 
male and 
female 
Cross-sectional 
survey 
Self- report 2674 13-15 Physical activity: active on at least 5 
days of week  
For total : 20.7%  
30.3% Male   10.3% Female  
sedentary behaviour: ≥3 hours/day  
53.2% of adolescents: 
49%Male       57.7% Female 
Saudi Arabia, 
2003 (85) 
Adolescent 
males 
Cross-sectional 
survey 
Self- report 894 15.7 (1.8) 50 % had physical activity for more 
than one day per week 
Iran, 2012(86) Pre-
adolescent 
and 
adolescent 
males and 
females 
Cross-sectional 
study 
Interviewed 
Baecke 
questionnaire 
 
1200 12-17 
14.2 
(1.7) 
Leisure time physical activity level:  
Low  (EEᵇ 180 kcal/hr): 17.7%   
Moderate (EE 300 kcal/hr) : 79.4% 
High (EE 420 kcal/hr) : 2.9% 
Sport time physical activity:  
low :7.4% 
moderate :75.2%  
high: 17.4% 
Sedentary behaviour: ≥3 hours/day  
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TV viewing: 59.9% 
Saudi Arabia, 
2011 (88)  
Adolescent 
male and 
female 
Cross-sectional 
study 
Self-report 2908 14-19 
Male:16.7 
(1.1) 
Female: 
16.5 
(1.1) 
Physical activity more than 1660 
METs*-minutes/week:  
55.5% Male 
21.9% Female 
Physical activity more than 2520 
METs -min/week: 
43.5% Male 
12.9% Female 
Sedentary behaviour >2 hours screen 
time 
84% Male 
91.2% Female 
Saudi Arabia, 
2007, (89) 
Pre-
adolescent 
male 
Cross-sectional 
survey 
Pedometers 296 8-12 
10.3 
(1.3) 
Physical activity: achieved ≥13,000 
steps per  day :53% 
 achieved <13.000 steps per day: 
47.1% 
* METs: Metabolic equivalents EEᵇ: Energy Expenditure 
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2.2.2 Sociodemographic correlates of physical activity and sedentary behaviour in the 
Middle East  
Table 2.2 presents a summary of systematic reviews of studies that examined the 
sociodemographic correlates of PA and SB in young people. Several comprehensive 
systematic reviews suggested that a number of sociodemographic variables are correlated 
consistently with PA and SB in children and adolescents (91-95). The findings suggest that 
girls are less active than boys (the vast majority of included studies were from the USA and 
Europe) (91, 92). The evidence is inconclusive for age-related differences in PA; results by 
Uijtdewilligen et al. suggested that the older the child the more active (91), whereas Van der 
Horst et al. (92) found no evidence that age is a determinant of PA. A systematic review 
including most of the studies from the USA and Scandinavian countries found that 
adolescents tend to be more physically active if they come from families with advantaged 
SES (96). A systematic review of systematic reviews identified six sociodemographic 
correlates of PA consistently associated with PA including gender, age, ethnicity, parental 
education, SES and family income (93).  
 
The first published systematic review of SB  in young people suggested that the 
sociodemographic correlates associated with self-reported TV viewing included  
disadvantaged SES, single parent households, ethnicity and age (94). A recent systematic 
review of the correlates of screen viewing among children less than or equal to seven years of 
age found that sociodemographic variables that were associated positively with screen 
viewing were age and ethnicity, whereas the sociodemographic variables associated 
negatively with screen viewing were SES (95). 
 
Table 2.3 presents a summary of the sociodemographic variables associated with PA 
and SB published in studies conducted in the Middle East.  A 34 country PA and SB 
comparison study found that boys were more active than girls, which is consistent with the 
results of numerous other studies (80). In addition, the Global School Health Survey 
conducted in Kuwait found that male students were  more physically active than female 
students and that 22.9% and 7.1% respectively had PA of at least 60 minutes on all seven 
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days of the previous week (24). An Iranian study also suggested that levels of leisure time 
PA and sport PA were higher among boys than girls (86). Similarly, another Iranian study  
examining the correlates of PA in adolescence suggested that female adolescents  are 
associated with low levels of PA (97). The SES factors examined in this study were limited 
to parental education and maternal occupation, which were not associated with PA or SB 
(97). A Saudi study assessing PA, SB and the dietary habits related to age, gender and region 
suggested that female adolescents had higher SB levels than male adolescents and engaged in 
less PA (vigorous PA above all) (88).  
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1 0Table 2.2 Systematic reviews of studies assessing sociodemographic correlates of physical activity and sedentary behaviour in 
young people 
Geographical 
context, year 
(reference) 
Data used Aim Sociodemographic correlates and 
association with physical activity or 
sedentary behaviour 
(+) positive (-) negative (?) indeterminate 
USA, Europe, 
2011 
 (91) 
30 studies limited to 
children of 4-12 years 
and adolescents of 13-18 
years 
Systematic review of physical 
activity / sedentary behaviour 
determinants in young people 
Physical activity correlates for adolescents:  
(+) Age (older) 
 (-) Ethnicity (African-American) 
 
Insufficient evidence for sedentary 
behaviour determinants 
USA, Europe, 2010, 
(95) 
71 studies limited to 
children ≤7 years 
Systematic review to 
synthesize current research on 
correlates of TV viewing 
(+) Age (younger) 
(+) Ethnicity (non-white) 
(-) SES 
USA, Europe, 2004, 
(94) 
68 studies limited to 
children and adolescents 
2-18 years  
Systematic review to present 
descriptive semi-quantitative 
review of the correlates of TV 
viewing 
 
(+) Ethnicity (non-white) 
(-) Parental income 
(-) Parents’ education 
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USA, Europe, 
 2007 (92) 
60 studies, limited to 4-
18 year-olds 
Systematic review to 
summarize correlates of 
young people’s physical 
activity / sedentary behaviour 
 
Children’s physical activity correlates:  
(+) Gender (male) 
Adolescent’s physical activity correlates:  
(+) Gender (male) 
(+) Sedentary behaviour 
Adolescent sedentary behaviour 
 correlates: 
(-) Ethnicity (Caucasian) 
(-) SES 
(-) Parents’ education 
 
No sufficient evidence for age as physical 
activity / sedentary behaviour 
determinant 
USA, Scandina- 
vian  countries, 
2010 
(96) 
62 studies limited to 13-
18-year-olds 
Systematic review to 
summarize effect of SES on 
physical activity in 
adolescents 
58% of studies included reported physical 
activity associated with higher SES†  
 
42%  reported inverse or no association of 
physical activity and SES 
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USA, Scandinavian 
countries, 2013  
(93) 
10 systematic reviews 
limited to children aged 
3-12 years and 
adolescents aged 13-18  
years 
Systematic review of 
systematic reviews to 
integrate findings on 
correlates of physical activity 
Children’s physical activity correlates:  
(+) Gender (male) reported by four reviews 
(?) Age reported by three reviews 
(+) SES reported by one review  
(?) SES reported by one review 
(+) ethnicity (Caucasian) reported by one 
review 
(?) ethnicity reported by one review 
  
Adolescent’s physical activity correlates:  
(+) Gender (male) reported by three reviews 
(-) Age reported by two reviews 
(?) Age reported by one review 
(+) SES reported by one review  
(+) parental education reported by two 
reviews 
(+) ethnicity (Caucasian) reported by two 
reviews 
 †SES: Socioeconomic status  
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1 0Table 2.3 Summary of sociodemographic variables associated with physical activity, 
sedentary behaviour published in studies in the Middle East 
Author, year, 
(reference) 
Type of 
study and 
data used 
Aim Correlates of physical 
activity, sedentary 
behaviour 
(+) positive (-) negative 
(0) no association 
Guthold et al, 
2010 (80) 
Cross-
sectional 
(13-15- 
year-olds)  
To describe physical activity 
and sedentary behaviour levels 
and compare gender 
differences in 34 countries 
Physical activity 
correlates:  
(+) Gender (male) 
 
Sedentary behaviour 
correlates: 
(+) Gender (female) 
Al Baho et al, 
2011, (24) 
Cross-
sectional 
(13-15- 
year-olds)  
To describe physical activity, 
sedentary behaviour  levels and 
compare gender differences in 
Kuwait 
Physical activity 
correlates: 
(+) Gender (male) 
Shokrvash et 
al, 2013 (97) 
Cross-
sectional  
(12-14 
years) 
To explore factors that predict 
physical activity 
Physical activity 
correlates: 
(-) Gender (female) 
(0) Parental education 
(0) maternal occupation 
 
Saudi Arabia, 
2011 (88) 
Cross-
sectional  
(14-19 
years) 
To report prevalence of 
physical activity, sedentary 
behaviour and dietary habits 
among adolescents and 
examine associations among 
these factors 
Physical activity 
correlates:  
(+) Gender (male) 
Sedentary behaviour 
correlates:  
(+) Gender (male) 
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In summary, most Western and Middle Eastern studies reviewed in this section found 
that boys and young men engage in more PA than their female counterparts.  In addition, 
studies in the Middle East suggest SB levels are high in females than in males. While 
Western studies have explored that PA, SB are associated with several sociodemographic 
correlates such as age, SES and ethnicity, studies in the Middle East focus largely on gender 
differences or associations with dietary habits. The limited studies available rely solely on 
self-report, are heterogeneous in terms of measures of PA, SB and highlight the need for 
further research to examine the sociodemographic correlates of PA and SB. This study used  
accelerometer based PA, SB measures to explore the sociodemographic correlates associated 
with PA and SB help guide policy makers to key target populations among adolescents in 
Kuwait. 
2.2.3 Obesity prevalence amongst children and adolescents in Arab countries 
A recent systematic review of 40 studies including several countries in each continent 
suggested that the prevalence of overweight plus obesity among young people was higher in 
America, Europe and Oceania than Africa and certain countries in Asia (6). The prevalence 
was lowest in certain parts of Asia (total prevalence was less than ten percent in Iran and 
China). The prevalence of overweight and obesity was approximately 30% among American 
adolescents and 22%-25% of European adolescents (with the exception of the Czech 
Republic and Italy, 14% and 18% respectively). In Australia and Oceania the prevalence of 
overweight including obesity was 34% and 23% respectively. Asian adolescents (the Middle 
East included as part of Asia) had a wide range of overweight and obesity. Using the IOTF 
cut-offs, the prevalence ranged from five percent in China (Far East) to 36% in Bahrain 
(Middle East) (6).  
 
Table 2.4 presents a summary of the studies that examined the prevalence of 
overweight and obesity amongst young people in the Middle East and Arab countries. A 
study of gender differences in overweight and obesity was carried out in seven Arab 
countries (7). Using IOTF standards, among boys the prevalence of overweight was the 
highest amongst Kuwaiti male adolescents (25.6%), followed by Jordanians (21.6%) and by 
Syrian adolescents (19.7%) (7). The prevalence of female overweight and obesity was 
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highest in Libya (26.6%), followed by Kuwait (20.8%) and Syria (19.7%) (7). Adolescents in 
Kuwait had the highest obesity prevalence for both females (20.6%) and males (34.8%) (7). 
Another study conducted in Kuwait as part of the Arab Teen Lifestyle Study study recruited 
906 adolescents (463 boys and 443 girls) aged between 14 and 19 years and used IOTF BMI 
cut off values to define overweight and obesity (98). The prevalence of overweight including 
obesity was 50.5% in boys and 46.5% in girls (98).  
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1 0Table 2.4 Summary of the prevalence of overweight and obesity among adolescents 
in the Middle East and Arab countries 
Author, 
Year 
(reference) 
Overweight 
and obesity 
definition 
Country Prevalence of 
overweight 
(%) 
Prevalence 
of obesity 
(%) 
Prevalence of 
overweight 
including 
obesity (%) 
Musaiger, 
2012 (7) 
The 
International 
Obesity 
Task Force 
reference 
standard 
(42)  
Kuwait 
 
 
Jordan 
 
 
Syria 
 
 
Libya 
Male: 25.6  
Female:20.8  
 
Male: 21.6 
Female: 17.5  
 
Male: 20.3 
Female: 20.1  
 
Male: 16.4 
Female: 26.6  
Male: 34.8  
Female: 
20.6  
 
Male: 10.2  
Female:  
4.6  
 
Male: 6.7  
Female: 5.3  
 
Male: 9.6  
Female: 10  
Male: 60.4  
Female: 41.4  
 
Male: 31.8  
Female: 22.1  
 
Male: 27 
Female: 25.4  
 
Male: 26  
Female: 36.6  
 
Al Haifi,  
2013 (98) 
The 
International 
Obesity 
Task Force 
reference 
standard 
(42)  
Kuwait Male: 25  
Female: 25.5  
Male: 25.5 
Female: 21  
Male: 50.5  
Female: 46.5  
 
  
51 
 
In summary, the prevalence of overweight and obesity among adolescents in Kuwait 
is one of the highest of all Arab countries and among the highest worldwide rates of 
overweight and obesity. The literature highlights the need to explore the lifestyle behaviours 
and risk factors associated with overweight and obesity. Examining lifestyle behaviours such 
as PA and SB levels and the determinants of PA, SB will provide the Kuwaiti health and 
education authorities with important baseline data for public health programmes aimed at 
adolescents in Kuwait. 
2.2.4 Associations  of physical activity and sedentary behaviour with adiposity indices 
and blood pressure 
Association of physical activity with adiposity indices 
 
Table 2.5 presents a summary of the studies that have examined the association 
between PA and various adiposity indices. A systematic review of studies assessing the 
association between PA, fitness and health indicators (overweight, obesity, BP, cholesterol 
levels, mental health and skeletal health)  among 5-17-year-olds suggested that most of the 
observational studies that assessed PA using self reporting tools suggested weak or modest 
associations between PA and overweight or obesity (3). In contrast, the studies that used 
objective measures of PA tended to report strong associations of PA with overweight and 
obesity (3). A systematic review including 850 cross-sectional and longitudinal observational 
studies suggested that female and male adolescents who engage in reasonably high levels of 
PA (three to five days a week of MVPA of 30-40 minutes duration) have less adiposity 
(amount not specified) than their less active counterparts (99).  In addition, experimental 
studies of overweight young people that assessed PA intervention programmes of moderate 
intensity (30 to 60 minutes in duration, three to seven days per week) suggested a reduction 
in adiposity (amount not specified) (99).   
 
A recent observational study examined the associations between MVPA (objectively 
measured) and several cardiometabolic factors (100). The study pooled raw accelerometry 
data of 14 studies (across Australia, Brazil, Europe and the USA) from the International 
Children’s Accelerometry Database (ICAD) and stratified participants (aged 4-18 years) by 
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tertiles of MVPA and sedentary time (100). The study suggested that belonging to the top 
MVPA tertile (mean time of 52.5 minutes per day ) was associated with better 
cardiometabolic outcomes, including waist circumference, regardless of the amount of 
sedentary time (100). Mean differences in waist circumference between the top and bottom 
tertiles of MVPA were 5.6cm (range 4.8-6.4) for participants with high sedentary time and 
3.6cm (2.8-4.3) for participants with low sedentary time (100).  
 
A recent systematic review assessing the association between PA, fitness and 
overweight or obese adolescents included studies (12 cross-sectional and two longitudinal) 
published in or after the year 2000 (101). The assessment of overweight or obesity in relevant 
studies included BMI (all cross-sectional and both longitudinal), waist circumference (two 
studies), skin fold thickness (five studies) and bioelectrical impedance analysis (one study) 
(101). A few of the included studies had objective measures of PA such as pedometers and 
accelerometry (five studies), while ten studies used questionnaires to derive information on 
the PA pattern (101). A combination of subjective and objective PA data was used in only 
one study (101). The review suggested that most studies examining the association between 
PA and overweight or obesity did not report an association between PA and adiposity indices 
(101).  
 
The studies analysing the association between cardiorespiratory fitness and 
overweight or obesity reported a negative association (101). A study that included skin fold 
thickness as a measure of overweight suggested that skin fold thickness was  negatively 
associated with cardiorespiratory fitness (ß-coefficient= -3.334 for boys; ß= -2.571 for girls) 
(101). Truncal subcutaneous fat, measured by bioelectrical impedance, was also inversely 
associated with cardiorespiratory fitness (ß= -1.78 for boys; ß= -1.77 for girls) followed by 
BMI (ß= -0.047 for boys; ß= -0.059 for girls) (101).  The association between PA and 
overweight was less evident than the association with physical fitness (101). One study that 
analysed the association between PA, physical fitness and overweight suggested that while 
PA influenced physical fitness and physical fitness influenced BMI, PA alone was not 
associated with BMI (101). As a result, the study suggested that cardiorespiratory fitness acts 
as a mediator in the association between PA and BMI (101). A possible limitation of the 
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study was that the results were not classified according to whether the PA measurement was 
objective or self-reported (101). Furthermore, the review included only studies assessing PA 
or physical fitness with weight and did not include studies that examined the association of 
PA or fitness with cardiometabolic risk factors, such as waist circumference, BP, etc. (101). 
  
Another systematic review of 48 studies explored the association between objectively 
measured PA and adiposity in children and adolescents (102). The studies reviewed used a 
variety of adiposity indices and were divided into studies that used proxies for adiposity 
(BMI) or studies using measures of adiposity (skin folds, bio-impedance and DEXA) (102). 
If a combination of the outcome measures was used, the study was classified as a study with 
‘more precise measures’ (102). Three methods to measure exposure (habitual PA) were 
considered acceptable: accelerometry (67% of included studies), pedometry and heart rate 
monitoring (102). The review suggested the consistent evidence of negative associations 
between objectively measured PA and adiposity (observed in 70% of overall studies) (102). 
Half of the published studies included in the review were from the USA and only three 
studies were from developing countries (Saudi Arabia, China and Senegal) (102).  
Furthermore, the review suggested that publication bias may have influenced the results of 
the studies in respect of the associations between habitual PA and adiposity in young people 
(102).
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1 0Table 2.5 Studies examining the association of physical activity with adiposity indices 
Author, year 
(reference) 
Type of study and 
of sample 
Aim Associations of physical activity with 
adiposity indices 
Janssen et al, 
2010 
(3) 
Systematic review, 
5-17 years of age 
Examine the associations between 
physical activity, fitness and health 
(overweight, obesity, blood pressure, 
cholesterol levels, mental health and 
skeletal health) 
 
Of the 25 data points available from cross-
sectional self-report physical activity studies 
including a reported weak association of 
physical activity with overweight and obesity 
(BMI), the median odds ratio for 
overweight/obesity in the least active group, 
relative to the most active group, was 1.33. 
 
Of the 8 data points available from cross-
sectional studies with objective  measures of 
physical activity, the association of physical 
activity and overweight/obesity (BMI) 
reported  the median odds ratio for 
overweight/obesity in the least active group in 
relation to the most active group was 3.79 
Strong et al, 
2005(99) 
Systematic review, 
6-18 years of age 
Review effects of physical activity 
on health behaviour and outcomes 
Young people who engaged in 30-60 minutes 
of moderate to vigorous physical activity 3-7 
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(overweight, obesity) days a week had less adiposity than less 
active counterparts 
Ekelund et al, 
2012 (100) 
Meta-analysis of 
individual 
participant data, 
 4-18 years of age 
Examine associations between 
objectively measured moderate to 
vigorous physical activity (≥3000 
counts per min) with 
cardiometabolic risk factors (waist 
circumference) 
Mean waist circumference difference between 
top (average 52.5 minutes of moderate to 
vigorous physical activity) and bottom (average 
12 mins) moderate to vigorous physical activity 
tertiles is 5.6 cm and 3.6, with high and low 
sedentary behaviour respectively 
Rauner et al, 
2013 
(101) 
Systematic review, 
11-19 years of age 
Summarize relationship between 
physical activity, physical fitness 
and overweight (including obesity) 
The association between physical activity and 
adiposity indices not evident 
 
Overweight (including obesity) had a negative 
association with physical fitness (variance in 
fitness explained by 13% of variability in 
waist circumference in boys and 16% in girls.  
 
Skin fold thickness was associated with 
cardiorespiratory fitness (ß-coefficient= -
3.334 for boys; ß=2.571 for girls).  
Bioelectrical impedance was associated with 
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cardiorespiratory fitness (ß= -1.78 for boys; 
ß= -1.77 for girls) followed by  BMI (ß= -
0.047 for boys; ß= -0.059 for girls).   
Jimenez-Pavon 
et al, 2010 
(102) 
Systematic review, 
<18 years of age 
Examine association between 
objectively measured physical 
activity and adiposity 
79% of included studies suggested a negative 
association between physical activity and 
adiposity 
ß: Beta Coefficient ᵇBMI: Body mass index  
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Association of sedentary behaviour with adiposity indices 
 
Table 2.6 presents a summary of the studies that examined the association between 
SB and adiposity.  A systematic review to determine the association of SB with health 
indicators in school aged youth suggested that TV viewing of more than two hours per day 
was associated with unfavourable body composition (103). An observational study with 
meta-analyses of 14 individual studies examined the associations of SB (objectively 
measured) with several cardiometabolic factor outcomes, including waist circumference, 
suggesting that SB was not associated with any cardiometabolic outcomes after adjustment 
for MVPA (100). The study which pooled data from 14 studies, had follow up data available 
from seven studies (median follow up time of 2.1 years) (100). The study examined the 
association of  baseline waist circumference with sedentary time and time spent in MVPA at 
follow up (100). While baseline waist circumference was not associated with time spent on 
MVPA (ß=-0.0037; 95% CI, -0.60-0.052), higher baseline waist circumference was 
associated with increased time spent sedentary (ß=0.40; 95% CI, 0.19-0.61) (100).  
  
A meta-analysis to examine the relationship between media use, body fatness and PA 
in children and adolescents found Pearson’s mean sample-weighted corrected effect size of 
TV viewing on body fatness was 0.066 (95% CI = 0.056–0.078) (104). The mean sample-
weighted effect size of video/computer game use on body fatness was 0.070 (95% CI = -
0.048 to 0.188) (104). Among all the studies included, 79% used self-reported measures for 
the assessment of TV viewing, computer and video gaming. In regard to the assessment of 
body fatness, 60% of the studies included in the meta-analysis used skin fold thickness, 37% 
used BMI and one study used DEXA (104).  
 
A literature review to examine the effect of SB on the development of overweight 
and/or obesity in children and adolescents whose ages ranged from  2-18 years found that 28 
of the 46 studies included reported a positive association of SB with obesity (105). The 
studies included in the review used several adiposity indices to assess overweight and 
obesity, including BMI, skin folds, waist/hip circumferences and DEXA (105). The SB was 
assessed through self-reported TV viewing, computer use and video gaming (105). However, 
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the review found that most of the included studies did not provide clear definitions of the 
different kinds of self-reported SB (105).  
 
Cross-sectional studies have suggested the association of SB with adiposity among 
children and adolescents (103, 106, 107). A cross-sectional study of 5,434 children using 
objective measures of SB and PA suggested that SB was positively associated with obesity in 
the children, but this association was not independent of MVPA (108). Another study 
examined the associations between different types of sedentary time and adiposity indices 
(BMI and the sum of skin folds) in a large population sample of Portuguese children 
suggested that watching TV for more than two hours per day, as opposed to less than one 
hour per day, was associated with higher age and sex specific BMI (ß=0.06; 95% CI, 0.01 to 
0.12) (107). The associations between TV watching and the sum of skin folds were also 
positive: the study suggested that associations between sedentary time and adiposity differ 
according to both the type of sedentary time and the type of adiposity marker (107). 
Therefore, studies that examine the association of SB with a single adiposity marker (for 
example, BMI) may miss or confound the association of SB with other type-specific 
indicators of adiposity (107)
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1 0Table 2.6 Studies examining the association of sedentary behaviour with adiposity indices 
Author, year, 
(reference) 
Type of study and 
sample 
Aim Associations of sedentary behaviour 
with adiposity indices 
Tremblay et 
al, 2011 (103) 
Systematic review, 
5-17 years of age 
Determine the relationship between 
sedentary behaviour and health indicators  
Meta-analysis of randomized controlled 
studies that aimed to reduce 
Sedentary behaviour and report change 
in BMI as their primary outcome, 
revealed an overall decrease in mean 
BMI associated with the interventions  
(ß**= -0.81; 95% CI of -1.44 to -0.17) 
Ekelund et al, 
2014 (109) 
Narrative review, 0-
20 years of age 
Discuss role of physical activity, sedentary 
behaviour in relation to adiposity 
Unlikely that higher levels of sedentary 
behaviour are associated with or are 
predictive of higher levels of adiposity 
when physical activity is controlled for 
in youth 
Ekelund et al, 
2012 (100) 
Meta-analysis of 
individual 
participant data, 4-
18 years of age 
Examine associations between objectively 
measured sedentary behaviour (<100 counts 
per minute) with cardiometabolic risk 
factors (waist circumference) 
Higher baseline waist circumference 
was associated with higher amounts of 
sedentary behaviour time 
 (ß=0.40; 95% CIª = 0.19-0.61) at follow 
up 
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Marshall et al, 
2004 (104) 
Meta-analysis, 3-18 
years of age 
Review evidence of associations between 
self-reported television, video/computer 
game use and body fatness (BMIᵇ skin fold 
thickness and DEXA) and physical activity 
The mean sample-weighted corrected 
effect size (Pearson r) between TV 
viewing and body fatness was 0.066 
(95% CI = 0.056–0.078; total N= 44 
707).  
The mean sample-weighted effect size 
between video/computer game use and 
body 
fatness was 0.070 (95% CI = -0.048 to 
0.188; total Nᵈ = 1722). 
Rey-Lopez et 
al, 2008(105) 
Literature review, 
2- 18 years of age 
Review studies about the relationship 
between sedentary behaviour and obesity 
development  
Positive associations of sedentary 
behaviour with obesity found in 28 of 
the 47 studies included positive 
association of sedentary behaviour with 
obesity in girls, found in three studies 
ß: Beta Coefficient ᵇBMI: Body mass index ªCI: Confidence interval ᵈN: Total sample size 
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Table 2.7 presents a summary of the studies that suggested an association between 
PA, SB and adiposity indices in the Middle East. The Arab Teens Lifestyle Study suggested 
that boys and girls who engaged in MVPA (60 minutes per day, seven days a week) were 
negatively associated with overweight and obesity (measured by BMI and waist 
circumference) (98). Self-reported SB, assessed through a question about screen time (time 
spent watching television and working on the computer) was not associated with obesity in 
either sex (98). A recent study has suggested that participants significantly underestimated 
SB when a single question is asked, as compared with accelerometer based SB, whereas a 
multiple item questionnaire with specific SB domains more accurately estimated average SB 
(110). Although the Arab Teen Lifestyle Study used a validated questionnaire to estimate PA 
(its limitations are discussed above) (111), self-reported PA is also subject to limitations, 
including overestimation (due to the perceived social desirability bias), recall bias and 
misclassification.  
 
A Saudi study involving 2908 (1401 males and 1507 females) students recruited in 
three cities revealed that obese students were less active, notably in terms of vigorous 
activity, than non obese students (112). Overweight and obesity, derived from either BMI or 
waist to hip ratio, were negatively associated with vigorous (corresponding ≥6 MET) PA 
levels of 60 minutes per day, seven days a week (112). PA and SB were assessed using the 
Arab Teen Lifestyle Study questionnaire, the limitations of which are discussed above. 
However, the study used the IOTF BMI reference values to define overweight and obesity 
and the waist to hip reference value of 0.5 used in the study to define abdominal obesity was 
derived for use with Caucasian children and adolescents and may not be applicable for all 
ages or for adolescents in the Middle East (113, 114).  
 
The Iranian study discussed above suggested that playing computer games was 
associated with overweight and obesity (86). Furthermore, moderate leisure time was 
associated with overweight and obesity (86). The study used BMI as the adiposity measure 
and self-report for measuring patterns of PA and SB based on the Baecke five point scale 
(86). The use of the Baecke questionnaire (designed for adults) to assess PA and SB may not 
be a suitable measure for estimating PA and SB time in children and adolescents (87).   
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1 0Table 2.7 Studies examining the association of physical activity and sedentary behaviour with adiposity indices in the Middle East 
Author, year 
(ref) 
Type of study 
and sample 
Aim Associations of physical activity, 
sedentary behaviour with adiposity 
indices 
Associations of sedentary 
behaviour with adiposity indices 
Al-Haifi et al, 
2013 (98) 
Cross-sectional, 
14-19 years of 
age 
Examine prevalence of 
overweight and obesity 
and associations with 
lifestyle factors 
Moderate to vigorous physical activity 
had a significant negative association 
with overweight and obesity among 
boys and girls 
 
Proportion of variance of BMI 
explained by moderate to vigorous 
physical activity = 0.03 (partial eta 
squared) for boys and 0.01 (partial eta 
squared) for girls 
Sedentary behaviour >2 hour per 
day were not associated with 
overweight or obesity (BMIᵇ) 
Al-Hazzaa et al, 
2012(112) 
Cross-sectional, 
14-19 years of 
age 
Verify prevalence of 
physical activity, 
sedentary behaviour and 
dietary habits and 
examine 
interrelationships among 
these factors 
Logistic regression analysis showed 
overweight/obesity (based on BMI 
or waist to hip ratio categories) 
were inversely associated with 
vigorous physical activity levels, 
adjusted  
 
Sedentary behaviour >2 hours per 
day not associated with adiposity 
(waist to hip ratio) 
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Odds ratio for high level = 0.69, 
95% CI 0.41–0.92 for BMI and 
0.63, 95% CI 0.45–0.89 for waist to 
hip ratio) 
Hajian-Tilaki et 
al, 2012 (86) 
Cross-sectional, 
12-17 years of 
age 
Prevalence of overweight 
and obesity, assess levels 
of physical activity and 
explore association 
between 
overweight/obesity and 
physical activity 
Moderate (300 kcal/hour) leisure 
time physical activity was 
associated with  higher overweight 
and obesity 
Playing computer games 
associated with higher 
overweight/obesity (BMI) 
ᵇBMI: Body mass index 
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Association of physical activity, sedentary behaviour with blood pressure amongst 
adolescents 
 
Table 2.8 presents a summary of the reviews and studies examining the association of 
PA and SB with BP. A systematic review of PA and cardiovascular risk factors in children 
suggested that PA is associated with favourable health indicators, such as lipids, BP, 
metabolic syndrome and physical fitness (3). The study found that PA was associated with 
lower BP among children (3, 99). Furthermore, the study suggested that PA interventions (30 
minutes in duration) of moderate intensity at least three times per week can be effective in 
reducing BP in children or adolescents with high blood pressure (99). A cross-sectional study 
examining MVPA, SB (objectively measured) with several cardiometabolic factors suggested 
the mean differences in systolic BP between bottom and top tertiles of MVPA were 0.7 
mmHg (95% CI, -0.07 to 1.6) for high sedentary time and 2.5 mmHg (95% CI, 1.7 to 3.3) for 
low sedentary time (100).  
 
 A cross-sectional study that examined the association between SB and BP in children 
(aged 3-8 years) used several indicators of SB, including TV viewing, computer use, other 
screen time and accelerometer based SB, found that TV viewing and screen time were both 
associated with BP, independently of body fat composition (115). However, accelerometer 
based SB was not associated with BP (115). A possible limitation of this study is that TV, 
computer and screen time was assessed via parents’ reports and they may have overestimated 
the child’s TV time. A study to assess the relationship between parent-reported TV viewing 
and objective measures reported that when, parents tend to overestimate children’s’ TV time, 
compared to objective measurements of it,  by more than four hours per week (116).  
 
A study examining the independent and combined effects of PA and SB on BP among 
adolescents and assessing gender differences from two cross-sectional studies (conducted in 
Europe and South America) suggested that the combination of low levels of PA (less than 60 
minutes per day) and increased SB (two to four hours of SB per day) is associated with an 
increase in systolic BP levels in boys, but in girls high levels of SB were associated with 
systolic BP independent of adequate PA levels (60 minutes per day) (117). Both studies used 
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self-reported questionnaires to assess PA, SB; the European study also included 
accelerometer based PA, SB measures (117). 
 
A study in the United Arab Emirates examining the correlates of metabolic syndrome, 
including BP of more than or equal to 130/80 mmHg, suggested that spending more than two 
hours screen time per day was associated with metabolic syndrome (118). The study found 
that screen time was associated with increased risk of metabolic syndrome, independently of 
PA (118). The study estimated SB by asking participants to recall the number of TV or 
computer hours per typical day. A possible limitation of self-reported measures is that 
responses to questions may be influenced by cultural norms, recall bias and the lack of 
validity of self-reported SB measures (119).  
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1 0Table 2.8 Studies examining the association of physical activity and sedentary behaviour with blood pressure 
Author, 
year (ref) 
Type of 
study and 
sample 
Aim Associations of physical activity with 
blood pressure 
Associations of sedentary 
behaviour with blood 
pressure 
Janssen et al, 
2010 (3) 
Systematic 
review, 5-17 
years of age 
Examine the relation 
between physical activity, 
fitness and health and make 
recommendations based on 
findings 
Observational self-reported physical 
activity or fitness studies reported a 
weak association of physical activity 
with blood pressure, 
odds ratio <1.5; 95% CIª,1.01-1.50 
 
4 Experimental studies with physical 
activity aerobic based interventions 
ranging 4-25 weeks (60-180 minutes of 
exercise) reported reductions in systolic 
blood pressure (effect size >0.80)  
 
2 studies which reported reductions in 
diastolic blood pressure as well (effect 
size 6-11%) 
 
Not reviewed 
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Strong et al, 
2005 (99) 
Systematic 
review, 6-18 
years of age 
Review effects of physical 
activity on health outcomes 
30 minutes of moderate to vigorous 
physical activity 3 times a week 
associated with lower blood pressure 
Not reviewed 
Ekelund et 
al, 2012 
(100) 
Meta-
analysis, 4-
18 years of 
age 
Examine associations 
between objectively 
measured moderate to 
vigorous physical activity and 
sedentary behaviour with 
cardiometabolic risk factors 
Mean difference in systolic blood 
pressure between top and bottom tertiles 
of moderate to vigorous physical activity 
was 0.7 mmHg (95% CI, -0.07 to 1.6) 
and 2.5 mmHg (95% CI, 1.7 to 3.3) for 
high and low sedentary behaviour, 
respectively 
Not associated with any 
cardiometabolic outcome 
De Moraes et 
al, 2013(117) 
 
Cross-
sectional 
studies 12.5-
17.5 years of 
age 
Examining the independent and 
combined effects of physical 
activity and sedentary 
behaviour with pressure among 
adolescents from two 
observational studies 
 
 
 In both studies the combined effects of low 
levels of  physical activity (<60 minutes per 
day ) and increased sedentary behaviour (>4 
hours/day) is associated with an increase in 
systolic blood pressure levels in boys   
 
In one study increased 
sedentary behaviour (2-4 
hours per day) is associated 
with increases systolic 
blood pressure levels in 
girls, independently of 
physical activity 
recommendations 
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Martinez-
Gomez et al, 
2009 (115) 
Cross-
sectional  
3-8 years                                                                                                                                                                                                                                   
Examine the association 
between sedentary behaviour 
and blood pressure
Not included in the study No association between 
objectively measured 
sedentary behaviour and
blood pressure  
 
Positive association 
between self-reported TV 
and screen time 
independent of body fat 
composition 
 
Mehairi et al, 
2013, (118) 
Cross-
sectional, 12-
18 years 
Prevalence of metabolic 
syndrome and its correlates 
Physical activity not associated with 
metabolic syndrome 
Metabolic syndrome 
associated with sedentary 
behaviour (screen time) of 
more than 2 hours per day 
independent of physical 
activity 
ªCI: Confidence interval 
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In summary, despite the limitations of the literature discussed above, several studies 
have suggested that PA and SB are associated with adiposity and BP in young people. 
Studies using only self-reported PA and SB either do not reveal an association of PA and SB 
with BP or report a weak association. However, several studies using objective measures of 
PA suggested that increased PA levels are associated with positively with cardiometabolic 
factors (waist circumference and BP). Furthermore, studies have suggested that increased SB 
was associated with higher BP levels among adolescents,  independently of PA. Therefore, 
building on this evidence, more research to explain the association of PA and SB with 
adiposity and BP among adolescents is warranted. To the best of our knowledge, there are no 
studies examining the association between objectively measured PA and SB with adiposity or 
BP among adolescents in Kuwait. 
 
2.3 Overall conclusion of the literature review and gaps in the literature 
 
This literature review has focused on the current PA levels and SB patterns of 
adolescents in Kuwait and the Middle East. Epidemiological studies of both PA and SB in 
Kuwait and its neighbouring countries are scarce and rely almost entirely on self-reported 
measures. Children and adolescents have difficulty providing accurate reports of PA and SB, 
therefore, adolescents PA and SB profiles are more informative combining both self-report 
and an objective measure of PA and SB. Furthermore, there are aspects of PA and SB that 
require further investigation. Specifically, the literature relating to the sociodemographic 
correlates of PA and SB in the Middle East are sparse and inconsistent; these gap will be 
addressed in the second analysis of the thesis (see Chapter 5).  
 
Studies in the Middle East suggest that prevalence of overweight and obesity among 
adolescents is high, but most rely on BMI as an adiposity indicator and do not provide a 
comprehensive profile of adiposity by combining several measures of it. Furthermore, data 
highlighting BP levels among adolescents in Kuwait are lacking. This gap will be addressed 
in the third analysis of the thesis (see Chapter 6).  
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While several studies have suggested that PA and SB is associated with adiposity and 
BP, the discrepancies in PA and SB measures used in studies conducted in the Middle East 
warrant further investigation. This issue will be addressed in the fourth analysis (see Chapter 
7) of the thesis.  
 
To the best of the PhD candidate’s knowledge, there are no studies reporting 
objectively measured PA and SB levels among adolescents in Kuwait. A few studies have 
estimated child and adolescent obesity in Kuwait; the existing studies indicate that adolescent 
overweight and obesity are very prevalent in Kuwait and highlight the need to explore 
lifestyle behaviours and the risk factors associated with adiposity. To improve PA levels 
among adolescents in Kuwait requires a better understanding of the prevalence and the 
demographic and socioeconomic correlates of PA and SB. Existing studies provide limited 
insights into the associations of PA and SB with adiposity and BP among adolescents in 
Kuwait. This information will help guide policy makers to key target populations within this 
group.  
 
2.4 Aim and objectives  
2.4.1 Aim 
The aim of the present research is to examine the prevalence and correlates of 
physical activity, sedentary behaviour and the associations of these two behaviours with two 
key biological outcomes in a school-based sample of adolescents in Kuwait. 
 
2.4.2 Research objectives 
1. To examine the levels of self-reported and accelerometer based physical activity, 
sedentary behaviour among a sample of school age adolescents in Kuwait using a 
self-administered questionnaire and an accelerometer. 
2. To assess the sociodemographic correlates of physical activity, sedentary behaviour. 
3. To estimate the prevalence of overweight and obesity among a sample of school age 
adolescents in Kuwait and to assess the distribution of body fat percent, waist 
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circumference and blood pressure  among a sample of school age adolescents in 
Kuwait. 
4. To examine the associations between physical activity, sedentary behaviour with 
three indicators of adiposity and blood pressure among school age adolescents in 
Kuwait. 
2.5 Thesis structure overview 
 
This thesis is divided into eight chapters. Chapter 2 reviews the literature on the themes 
covered by the present work. Chapter 3 describes the general methodology and the SHAAK 
pilot study. This thesis describes a series of analyses in Chapters 4,5,6 and 7.  Chapter 4 
examines the criterion validity of the SHAAK PA and SB questionnaire data with 
accelerometry data and presents an analysis of accelerometer wear time. Chapter 5 examines 
the levels of self-reported and accelerometer based PA, SB and the sociodemographic 
correlates of PA and SB. Chapter 6 describes the prevalence of (BMI-defined) obesity and 
the distribution of body fat percent, waist circumference and BP. Chapter 7 examines the 
associations between PA and SB with adiposity indices and BP. Chapter 8 summarises the 
main findings, discusses the strengths and weaknesses of the entire research undertaken as 
part of this PhD,  and puts the results in the context of  future research needs. Chapter 9 
highlights the challenges with the data collection and the limitations encountered throughout 
the project. 
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Chapter 3: General SHAAK methodology 
 
The aim of this chapter is to provide a description of the general methodology used in all 
parts of the thesis. This chapter is divided into five sections. The first section describes the 
study design, eligibility criteria, how the participants were recruited and response rates. The 
second section covers the ethical approval procedures, whilst the third section details the 
measurement tools and protocols. The fourth section provides an overview of fieldworker 
training and the pilot study and then outlines the actions taken as a response to the pilot study 
findings. The fifth section describes the initial preparatory procedure for fieldwork, the 
standardized data collection protocols devised following the pilot study, the post-data 
collection procedures and the way that the resulting data were handled. In addition, the last 
section summarises the general statistical approach whilst detailed descriptions of the 
statistical analyses specific to the thesis objectives are located in the next few chapters.  
3.1 Study design, participants and sampling procedure 
 
SHAAK is a cross-sectional study targeting Kuwaiti adolescent students attending 
intermediate and secondary state schools. A multistage stratified sampling design with 
proportionate sampling was used. The sampling frame included all the governmental 
(intermediate and secondary) schools in Kuwait. The sample was stratified by governorate 
(Hawalli, Asimah, Jahra, Farwaniya, Ahmadi and Mubarak) and by the gender and the school 
grades of the students (7 to 12). Each governorate is served by a number of schools, in 
proportion to its population density. One percent of all Kuwaiti school students in the classes 
of the previous year were selected proportionally according to governorate, gender, and grade 
(refer to the sampling frame, section 3.1, Table 3.1, page 75). 
 
A simple, random (raffle-style method used throughout the sampling procedure) 
sampling procedure was used to select the schools in the first stage (using the Ministry of 
Education’s Schools Directory of Kuwait for the school year 2011-2012). Intermediate 
schools contains grades 7-9, while secondary schools contains grades 10-12. Two schools for 
each gender from each governorate (one intermediate school and one secondary school). For 
example, the Jahra governorate has 17 and 18 intermediate schools for boys and girls 
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respectively. Using the Ministry of Education’s Schools Directory of Kuwait for the school 
year 2011-2012, a serial number was assigned to every intermediate school for each gender. 
The same serial number was recorded on a paper, then folded and placed in a box. This 
process was carried out separately for each gender. Subsequently, a paper was randomly 
selected for each gender and the chosen serial number corresponding to the serial number in 
the school directory was visited. This process was repeated for the secondary schools. In the 
second stage and using a similar approach, one class was randomly selected from each grade; 
three classes from each intermediate school and three classes from each secondary school 
(refer to flow diagram of multistage sampling design, section 3.1, Figure 3.1, page 75).  
  
All the students in the selected classes were invited to participate in the study, but, the 
required number of students for each corresponding governorate was randomly selected for 
the supply of data. One percent of the total student population (N= 128,948) students 
constituted a target sample size of 1,289 students. However, due to time constraints, data 
were collected from only three (Hawalli, Asimah and Jahra) of Kuwait’s six governorates. 
The students (n= 591) were selected by a simple random sampling procedure, proportionally 
to their distribution in the population. The response rates are presented in a flow diagram of 
the study participants (refer to section 3.1, Table 3.2, page 77).  
 
The criteria of inclusion were to be Kuwaiti students, male or female, in grades 7-12 
present in the selected school and present during the time of the study. Any student not 
present on the day of the research team school visit were excluded from the study. School 
enrolment in Kuwait for both females and males is high, 97% and 99% respectively (74). 
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1 0Table 3.1 Total number of students in Kuwait in academic year 2010-2011 
 
Students Grade 7 Grade 8 Grade 9 Grade 10 Grade 11 Grade 12 Total Total Total 
 Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls  
Ahmadi 
2583 2874 2453 2896 2230 2817 1891 2849 1472 2380 1488 2016 12117 15832 27949 
Jahra 
1587 1735 1619 1745 1363 1679 1402 1640 741 1360 661 1088 7373 9247 16620 
Hawalli 
1876 1845 1900 1800 2055 1774 2005 1873 1760 1813 1555 1637 11151 10742 21893 
Asimah 
1680 1668 1841 1663 1860 1742 2007 1974 1843 1834 1666 1951 10897 10832 21729 
Farwaniya 
2304 2526 2147 2407 1970 2376 1920 2470 1263 2281 1242 2026 10846 14086 24932 
Mubarak 
1293 1277 1252 1463 1271 1482 1201 1606 1017 1646 800 1517 6834 8991 15825 
Total 
11323 11925 11212 11974 10749 11870 10427 12412 8096 11314 7412 10235 59219 69730 128948 
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1 0Table 3.2 Proportionate number of students for the intended sampling strategy 
 
Students Grade 7 Grade 8 Grade 9 Grade 10 Grade 11 Grade 12 Total Total Total 
 Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls  
Ahmadi 
26 29 25 29 22 28 19 29 15 24 15 20 121 158 280 
Jahra 
16 *17 *16 *17 *14 *17 *14 *16 *7 *14 *7 *11 74 93 166 
Hawalli 
*19 *18 *19 *18 *21 *18 *20 *19 *18 *18 *16 *16 112 107 219 
Asimah 
17 *17 *18 *17 *19 *17 *20 *20 *18 *18 17 *20 109 108 217 
Farwaniya 
23 25 21 24 20 24 19 25 13 23 12 20 109 141 249 
Mubarak 
13 13 13 15 13 15 12 16 10 16 8 15 68 90 158 
Total 
113 119 112 120 108 119 104 124 81 113 74 102 592 697 1289 
 
*Students who participated in SHAAK in the nine months of the data collection
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‎0.1 Figure 3.1: Flow diagram of multistage sampling design 
 
Kuwait governorates 
 
 
 
 
Stage 1: Selecting two schools from each governorate for each gender 
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‎0.2Figure 3.2: Flow diagram of study participants 
 
128,948  constitutes total student adolescent 
population  
1,289 students  constitutes SHAAK intended target 
population  
(1% of total student population ) 
594 students invited to participate in SHAAK 
 (46% of target population) 
591 students consented to participate in SHAAK 
 (99% of recruited participants) 
589 students with acceptable questionnaire  and 
covariable data  
(99% of participating students) 
564 students returned their accelerometer   
(96% of paticipating students) 
468 students with at least one valid day of 
accelerometer data  
(83% of participating students)  
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3.2 Ethical Approval 
 
The study objectives and procedures were discussed with those responsible in the 
Kuwait Institute for Medical Specialization (KIMS) (Appendix 2). Ethical approval for all 
study procedures and instruments was obtained by the KIMS and the Ministry of Education. 
The Ministry of Education issued an official document allowing the researcher to visit any 
governmental school. Written assent forms for the participants in the study were attached to 
the questionnaire and signed by the participating students, before starting the assessment 
(refer to Appendix 3). In addition, the students took home a parental consent form to be 
signed by their guardians (refer to Appendix 4). All the collected data were dealt with 
confidentially. Identification information and contact information (for accelerometer retrieval 
purposes) was kept separately from the questionnaire. Students received an explanation of 
the aim of the study and its importance (refer to Appendix 5). The students and their parents 
were free to agree or refuse to participate and/or withdraw from the study at any time, 
without any obligation. The students and their parents were provided with the PhD 
candidate’s contact number and email for any additional enquiries about the study.   
 
3.3 Measures and measurement protocols 
3.3.1 Measures 
Questionnaire (refer to Appendix 6) 
Data were collected by a self-administered questionnaire which included questions on 
PA and SB, a set of physical examination measures (taken by the PhD candidate and field 
workers) and objectively assessed PA and SB using an accelerometer. The questionnaire was 
developed by the PhD candidate using a number of sources. The questions pertaining to 
demographic information were similar to the questions used in a number of national Kuwaiti 
studies (74, 120, 121). School transport, school break activity and health related  questions 
were obtained from the Children’s Heart and Health Study in England, which used a multi-
ethnic population (122).  
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The PA and SB questions used in SHAAK are similar to those used in the Arab Teen 
Lifestyle Study questionnaire which is intended for use among young people in Arab 
countries (111).  
The questions derived from the Children’s Heart and Health Study in England were 
translated into Arabic by the PhD candidate and verified by a qualified English/Arabic 
translator (Ministry of Foreign Affairs).  For the questions intended to collect PA and SB 
information, the Arabic version of the Arab Teen Lifestyle Study questionnaire was used.  
 
Physical activity questions collected information on: 
 School transportation, assessed by MCQ indicating usual mode of transport to and 
from school, i.e. car, bus, walking or other means. 
 School break activity, assessed by MCQ indicating usual behaviour during first 
school break (repeated again for second school break), i.e. what do you do during the 
first school break even if you are eating?  sit/talk/read, walk/stand or run/play. 
 Physical exertion during physical education (PE) class, assessed by MCQ indicating 
how often participants became short of breath, i.e. never; sometimes; most times; or I 
do not take part in PE. 
 Weekday after-school sport and exercise participation,  was assessed by MCQ 
indicating frequency of participation during the week, i.e. how many times a week do 
you participate in sports or exercise after school? do not participate; once per week; 
twice per week; three times per week; or more than three times per week.  
 Weekend sport and exercise participation, assessed by MCQs indicating frequency 
during the week, i.e. how many times a week do you participate in sports or 
exercise? do not participate; once per week or twice per week.  
 Sports and exercise for the previous week, assessed by a table with the following 
sports activities: basketball, running or jogging, cycling, dance, football, gymnastics, 
martial arts, tennis, swimming, volleyball, walking fast and other (please specify). 
The participant was required to tick the appropriate sports activity undertaken and 
specify the frequency of the activity and the total duration during the previous week.  
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Sedentary behaviour was assessed by a table with the following sedentary behaviours: 
 Home TV viewing 
 Non active video games (games played while being seated) 
 Computer use 
 Social networks 
 Home work 
 Leisure-time reading 
The participant was required to tick the appropriate box for the usual time spent daily on each 
behaviour, i.e. do not do this; one to two hours; two to three hours; or more than three hours.  
The questionnaire collected information relating to: (refer to Appendix 6) 
Sociodemographic data: 
 Date of birth 
 Gender 
 School grade 
 Birth order and family size 
 Socioeconomic status of the adolescents was assessed through the following 
indicators: parental education (illiterate, read and write, intermediate, secondary, 
university or higher education); parental occupation, parental ownership of assets 
(owned or rented apartment or house, number of cars and number of domestic 
workers); number of bedrooms and bedroom sharing. 
Health related behaviours: 
 Smoking status was assessed by multiple choice questions (MCQs) i.e. never smoked; 
tried to smoke once before; used to smoke but no longer smokes; one to six cigarettes 
per week; or more than six cigarettes per week. 
 Dietary habits were assessed by MCQ indicating fresh fruit and vegetable 
consumption; number of fresh fruit juice drinks; number of nectar based drinks; and 
number of soft drinks consumed per day, i.e. twice or more per day; once per day; 
less than once a day but at least once a week; less than once a week; or I do not know.  
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Physical examination  
(For detailed information on the physical examination measurement protocols, refer to 
Appendix 7)  
The physical examination measurements were the following: 
 Weight was measured (light clothing, emptied pockets and without shoes), to the 
nearest 0.1 kg  using  a SECA (Germany) electronic scale, model 813. 
 Height was measured (without shoes, in bare or stocked feet), to the nearest 0.1cm 
using a SECA (Germany) portable stadiometer, model 217, with adolescents standing 
upright.  
 Waist and hip circumference was measured (over light clothing), using a non-elastic 
flexible measuring tape (Myotape, USA). Waist circumference measurements were 
taken midway between the tenth rib and the iliac crest, to the nearest 0.1 cm, with 
participants standing erect, arms by their sides, feet together and abdomen relaxed (at 
the end of expiration).  
 Bioelectrical impedance at a fixed frequency of 50 kHz using the Bodystat ® 1500 
(Bodystat Ltd, Isle of Man, British Isles) was, validated in comparison with dual-
energy absorptiometry fat-free mass (FFM) used as the criterion measure (58). The 
participant was asked to remove shoes, socks and to lie down comfortably on the bed 
(or table) provided with his/her arms not touching the side of the body and legs 
slightly apart (to avoid conductivity in the wrong places). Special pads were placed 
on his/her hands and feet. The pads were placed on the right hand (across and just 
behind the middle knuckle), right wrist (across the back of the wrist and next to the 
head of the ulna), right foot (immediately behind the second toe) and on the right 
ankle (midway between the medial and lateral malleoli). Then the cables were 
attached: one pair of cables to the arm, one pair of cables to the leg. The Bodystat 
instrument was then turned on and  the bioimpedance measurement was taken by 
pressing the ‘enter’ (return) button twice. Refer to Appendix 4 for more information 
on the bioelectrical impedance measurement protocol. 
 BP was measured in mmHg using the Omron HEM 907XL (USA) digital BP 
monitor. The BP was measured on the right side of each participant using the 
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appropriate cuff, on the bare skin of the upper arm. The participant was asked to sit 
quietly for 5 minutes with feet flat on the floor, then three readings were taken, one 
minute apart. Refer to Appendix 7 for more information on the BP measurement 
protocol. 
 Accelerometry 
To measure PA and SB objectively, participants were given an Actigraph GT1M 
activity monitor (Actigraph, LLC, Pensacola, FL, USA). The Actigraph is a small and 
lightweight device about the size of a matchbox, which is attached to a belt around the waist. 
The Actigraph activity monitor is a uniaxial accelerometer designed to measure change in 
acceleration in the vertical plane with respect to time. The accelerometer measures the 
vertical acceleration and deceleration of human motion (123). The detected accelerations are 
filtered, then converted to a number (count) and subsequently summed over a specified time 
interval called an epoch (123). The Actigraph has been shown to be a valid measure of PA in 
young people (124), and a reliable measure when compared with PA measures derived from 
doubly labelled water (125), heart rate monitoring (126) and room calorimetry (124). 
However, the Actigraph cannot provide postural allocation information, since neither sitting 
nor standing involves vertical acceleration (123).  
 
Accelerometers were initialized the day before the field visit and were set to start 
collecting data at 5 am the following day (after the field visit). At each field visit and at the 
end of the physical examination, the participants were fitted with an elastic belt (with the 
attached accelerometer) on their right hip, according to a standardized protocol. The 
participants were asked to wear the accelerometer during their waking hours for seven 
consecutive days and to remove the accelerometers when showering, bathing, during any 
aquatic activities or contact sports in which they felt at risk of injury (127-129). Participants 
were given a letter to show to their parents and teachers; it described the study and the 
importance of wearing the accelerometer during activities. 
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Participants were asked to hand in the accelerometers to a designated teacher after the 
seven days of data collection. Personal details, such as name, address, contact number were 
noted and used in a midweek phone call to remind students to wear the accelerometers and 
for follow up in case students forgot to hand in the accelerometer. Students were told to hand 
in the accelerometers after one week. Any student who failed to hand in the accelerometer 
was reminded to do so by a phone call. As a last resort the researcher visited the participant’s 
home to collect the accelerometer. 
To reimburse the participant for the time spent on the project, any student who returned 
the accelerometer was given a 2.5 Kuwaiti Dinar (£5) voucher as an incentive. 
 
3.4 Fieldwork Preparation 
3.4.1 Training the fieldworkers 
The field workers, two males and two females (all qualified registered nurses), 
attended a two-day training workshop before the pilot study started. Training included 
familiarization with the questionnaire instructions and the detailed procedures of data 
collection. They also received one day’s training by the PhD candidate before the pilot study 
aimed at refreshing their knowledge from the previous workshop, answering enquiries and 
reviewing details. The training methods included small group discussions, role play and brain 
storming. The researchers’ primary supervisor, Dr Stamatakis, paid two visits to Kuwait. 
During the first visit, Dr Stamatakis supervised the training of the fieldworkers as well as the 
pilot study. For the duration of the pilot study, Dr Stamatakis observed the researchers’ and 
fieldworkers’ performance during the physical examination measurements, recorded 
comments on their accuracy and addressed these issues at the end of every measurement 
session. For the period of the second visit, Dr Stamatakis supervised the initiation of the 
fieldwork, using a similar approach to the first visit. The researcher, a general physician, 
assumed this role in the absence of Dr Stamatakis to ensure quality control. 
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The nurses were trained in measuring the following: 
 Weight and height 
 Waist circumference  
 Bioelectrical impedance  
 Blood pressure   
3.4.2 The pilot study 
Before the beginning of the main data collection, the procedures and instruments were 
pilot-tested to ensure that the reading level, language and format were appropriate for the 
intended sample of adolescents. The pilot study was supervised by the PhD candidate’s 
primary academic supervisor (Dr Stamatakis) for first-hand expert advice during the field 
visit. Dr Stamatakis supervised the fieldworkers performance during the various physical 
examination measurements, recorded the timings of each examination session and oversaw 
the handling of the accelerometers by the PhD candidate.  
Two conveniently chosen schools for students of each gender were visited on pre-
arranged dates by the team of trained medical staff led by the PhD candidate. The pilot study 
began on 20
th
 May 2012 and lasted for five days; two days were allocated for the boys’ 
school and two days for the girls’ school. The final day consisted of a debriefing session with 
the field workers. The pilot study was carried out on 64 students in total, 33 boys in grade 
seven and 31 girls in grade nine.  
The overall aim of the pilot study was to test the feasibility of all aspects of the 
research process and its measures and to identify areas for improvement. 
The specific objectives of the pilot study were: 
a) To identify unclear questions in the questionnaire which were raised by the 
participants during the administration of the self-reported questionnaire. 
b) To estimate the time required to complete the questionnaire. 
c) To examine the coordination among the team members, e.g. the PhD candidate, field 
workers and school co-ordinator and the data collection procedures 
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d) To identify unforeseen difficulties during the steps of the data collection, e.g. 
measurement timing issues, number of measurements taken, layout of  measurement 
stations in the clinic, etc. 
e) To examine the adherence to wearing the Actigraph and returning it on time. 
Pilot study methodology 
For the first stages of the pilot study data collection, the questionnaires were 
distributed to the entire class, the students were asked to answer the questions and raise their 
hands for any inquiries. It was noted that this method opened the door to students’ discussing 
the questions amongst themselves and it was difficult to make sure that every student was 
answering all the questions. After completing the questionnaire the students were asked to 
remain in the classroom (holding their questionnaires) and wait for their turn to be escorted 
to the clinic by the coordinator. This method also proved challenging: the students would 
often take advantage of the brief absence or focus elsewhere of the coordinator and enter the 
clinic to inquire about their turn for the physical examination. Moreover, the work flow 
tended to be disrupted further when students forgot to bring their questionnaires with them 
when it was their turn to be escorted to the clinic.  
 
The second approach that the research team tested was to abandon the attempt to deal 
with a whole class and deal instead with a fixed number of students in the school clinic. The 
students permitted in the clinic were asked to answer the questionnaire and await a physical 
examination by the research team. This method demonstrated a marked improvement on the 
former approach described in the previous paragraph. It allowed closer monitoring of the 
students, ensured that the questionnaire was completed and resolved the issue of leaving the 
questionnaire behind in the classroom. However, some concerns were noted with the latter 
approach as well, including the number of students allowed to enter the clinic. The timings of 
the various sessions revealed that a group of ten students was too big and of six students was 
too small. In addition, if all the students at the beginning of the session started answering the 
questionnaire, the research team had to wait with not much to do for approximately 20 
minutes. Afterwards, when the research team was engaged in the physical examination of 
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three or four students, the remainder tended to talk or giggle amongst themselves and distract 
or disrupt the physical examination session.  
 
The third questionnaire completion method tested proved the most successful. Here, 
eight students were allowed in the clinic, four of whom worked on the questionnaire while 
the other four were asked to undergo the physical examination. This method kept to a 
minimum the students’ interaction with one another and ensured that both the students and 
the research team were occupied for the entire session. Afterwards the students would change 
places, so that the students who had answered the questionnaire would move to the physical 
examination and vice versa. This ‘4 x 4’ method was adopted formally throughout the main 
stage data collection. A detailed description of this method is given below  
3.4.3 Pilot study results 
The pilot study revealed the need to improve several key areas before beginning the  
main field work.  
Questionnaire related issues: 
Students required an average of twenty minutes to complete the whole questionnaire. 
Several questions in the questionnaire were deemed unclear by the participants. For example, 
the first item in the questionnaire was dedicated to the serial number of the participant (to be 
filled out by the researcher afterwards), however, students would frequently ask what the 
term ‘serial number’ meant or attempt to fill it out themselves, albeit incorrectly.  
For question 7 ‘How many people live in your home including yourself?’, students 
would frequently ask if the answer should include housemaids. For question13 ‘How many 
household employees work for your family’, students would frequently inquire about the 
meaning of the term ‘household employee’ and for question 38 ‘What do you do during the 
first school break?’ students would often raise that the fact that eating is not included among 
the possible answers. The same concerns are applied to question 39 regarding the second 
school break. Some students attempted to complete the last page of the questionnaire by 
themselves, that was intended for the details of their physical examination measurements. 
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Physical Examination and workflow related issues: 
The need to make three BP measurements, one minute apart with a five-minute 
resting period to begin with, demanded much time and disrupted the work flow. In addition, 
making the two weight and height measurements was also time consuming, because the 
measurements when repeated were almost always identical.  
 
Following the experimentation and timing of several methods for data collection, it 
was discovered that fieldworkers took longer to complete physical examination 
measurements if they attempted to take all the measurements at once than if the measurement 
tasks were divided amongst them. For example, if a single fieldworker attempted to measure 
height, weight, bioimpedance, waist circumference and BP in sequence, the average time to 
complete the measuring was approximately 15 minutes per participant. However, when the 
researcher and the fieldworkers were each assigned one or two measurements to make (for 
example, bioimpedance alone), the average time to complete all the measurements was 
approximately ten minutes per participant.  
 
Accelerometry related issues: 
Adherence to wearing the Actigraph during the pilot study based on the required 600 
minutes per day criterion for inclusion, was low (Table 3.3). Returning the devices on time 
also proved challenging; four of the 64 accelerometers given out were not returned/reported 
as lost (a six percent loss for which boys alone were responsible). 
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1 0Table 3.3 Number of valid days (≥600 minutes per day) of Actigraph wear in the 
pilot study 
Number of days wearing the Actigraph Number (and / or percentage) of 
participants 
<1 23 
1 8 
2 13 
3 10 
4 5 
5 1 
6 0 
7 0 
Less than 1 day 23 (38%) 
Wearing it  for 1 day or more 37 (62%) 
Wearing it for 3 days or more 16 (27%) 
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3.4.4 Actions following the pilot study 
Table 3.4 details all the issues raised during the pilot study and the actions used to 
rectify them. Minor modifications were required in the questionnaire. A data collection 
protocol was devised to implement a single method for data collection. The protocol proved 
efficient after several methods were tested in the pilot. Each fieldworker was responsible for 
a measurement station and the students moved from one station to another. A mid-week 
phone call to remind students to wear the Actigraph was added to the data collection protocol 
and a 2.5 Kuwaiti Dinar (approximately 5 Great British Pounds) gift voucher was awarded 
for all participants who returned the Actigraph. All the personal details (address, mobile, 
home phone number) of the students were recorded separately in case the student continued 
to forget to hand in the device, requiring a personal visit for its collection. 
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1 0 Table 3.4 Identified issues during the pilot study and action taken to rectify them 
Identified issues during the pilot study Action taken to rectify the issue 
Questionnaire related issues 
Serial number at start of the questionnaire Serial number removed from questionnaire and a cover page 
was added for serial number 
Question inquiring about the number of people living in home ‘Not including domestic maids’ added to the question 
Question inquiring about ‘How many household employees 
work for your family’ 
Question changed to ‘How many people work in your 
home?’ 
Question asking ‘What do you do during the first school 
break?’ 
Question changed to ‘What do you do during the first school 
break (even if it is eating)?’ 
Question asking ‘What do you do during the second school 
break?’ 
Question changed to ‘What do you do during the second 
school break (even if it is eating)?’ 
Students mistakenly attempted to fill out the physical 
examination measures themselves in last page of questionnaire 
‘Please do not complete this page’ added at the top of the last 
page of the questionnaire 
Physical examination related issues 
Three BP measurements, one minute apart with a five minute 
resting period were time consuming 
Reduced to two BP measurements, one minute apart with a 
three minute resting period 
Two weight and height measurements were time consuming Reduced to one weight and one height measurement 
Fieldworkers took longer to complete physical examination 
measures if they attempted to take all the measurements at once 
Measurement tasks were divided amongst the researcher and 
the fieldworkers in separate stations 
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Workflow related issue 
Unsuccessful attempts to ensure efficient data collection and 
effective workflow process 
The ‘4 x 4’ data collection protocol was devised for efficient, 
timely data collection and work flow 
Accelerometry related issues 
Low adherence to wearing the Actigraph given the 600 minutes 
per day criterion for wear time validation 
Mid-week phone call added to the data collection protocol 
and more emphasis during the data collection process on the 
need to wear the Actigraph for the requested period 
Returning the devices on time proved challenging A 2.5 Kuwaiti Dinar gift voucher was given to all 
participants who returned the device. Personal details of the 
students were recorded to remind them via a phone call to 
return the device or for retrieval by the researcher via a 
personal home visit 
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3.5 Main stage data collection 
  
Data collection took place from October 2012 through June 2013 during school field 
visits lasting up to six hours each. Fieldwork for the main study commenced in October 
2012, approximately two weeks after school had officially started. As of June 2013, 591 
students were recruited, making up 46% of the target sample. Out of the six governorates, 
data were collected from three governorates (Jahra, Hawali and Asimah). Several factors 
contributed to the inability to recruit the intended target sample; these factors include the 
limited availability of accelerometers and time constraints (official school holidays, 
examination periods and study leave). The number of students who participated in SHAAK is 
indicated in section 3.1, Table 3.2, page 74.  
The main stage data collection followed a standard protocol that was used throughout 
the data collection process. The standard data collection protocol is described in detail in the 
sections below.   
3.5.1  Initial school meeting  
The PhD candidate visited each selected school to inform the principal about the date 
of the expected field work. The approximate time taken for each initial school visit was 
approximately three hours. The principal was briefed about the purpose of the study and 
given the necessary approval forms from the Ministry of Health and Ministry of Education. 
Following inquiries about the number of classes in each grade and the use of the raffle style 
method, the PhD candidate asked the principal to allow the three randomly chosen classes 
from three different school grades, to be available on the day of the  field visit. For example, 
if grade 7 had six classes, the PhD candidate recorded the numbers one to six on separate 
pieces of paper, folded them and placed them in a box. The PhD candidate or the principal 
picked a paper randomly for each grade. The PhD candidate asked permission to give the 
three allocated classes (e.g. classes 7.3, 8.2 and 9.4) a brief talk about the nature and purpose 
of the study. In the class the PhD candidate described the nature of the study and its purpose 
and answered the students’ questions. At the end of the discussion, the PhD candidate handed 
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out a consent form to each students and asked them to sign it if they were willing to 
participate in the study.  
 
The PhD candidate then asked to take a look at the school clinic, which is where the 
field work would be done. The PhD candidate requested eight chairs for the students to be 
available on the day of the visit. In addition, the PhD candidate requested that a school 
coordinator be present that day to help escort students to and from class. Finally the PhD 
candidate collected the relevant register lists for each of selected classes, thanked the 
principal and informed him/her of the time of the research team’s arrival on the day of the 
field visit (approximately 7.30am). The PhD candidate used a similar raffle style approach to 
randomly choose the required number of students from the classes for each grade and 
highlighted their serial number/names on the class register list. The class register list was 
given to the school coordinator early in the morning of the field visit to  help escort the 
students to the school clinic. 
3.5.2 Data collection protocol  
Following experimentation during the May 20
th
  pilot study, the research team 
devised a ‘4 x 4’ method to help run the data collection smoothly and efficiently. This kind of  
protocol ensured the consistency of the field work and will aid in future field visits should the 
need arose. Figure 3.3 presents a flow diagram of the 4 x 4 data collection protocol.  
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‎0.3 Figure 3.3: Flow diagram of the 4 x 4 data collection protocol 
The two groups comprising four students each followed one another to supply their 
data (Appendix 8), four of them were either sitting to complete the questionnaire or 
proceeding around the measurement stations. The two groups then switched places to 
complete the data collection process, which took approximately an hour for each group of 
eight students.  
 
 
 
 
 
   Questionnaire completion 
 
 
 
 
 
 
 
 
 
 
 
  
Weight  
Height 
Bioimpedance 
5 
4 3 2 1 
Waist / hip 
circumference 
 
Blood pressure 
Accelerometry 8 
7 
6 
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This section describes the 4 x 4 data collection protocol in detail. The 4x4 protocol includes 
the following aspects: 
 
1. Room setting and equipment set-up. 
2. Student preparation and separation into two groups. 
3. Designated tasks of the research team. 
4. Workflow of the data collection. 
5.  Concluding process 
 
1. Room setting and equipment set up: 
 
The approximate time needed to complete the setting and set-up was 20-30 minutes. On the 
day of the field visit, at approximately 7.30am, the research team started the day by preparing 
the room for the arrival of the students. A sign with ‘DO NOT ENTER… MEDICAL 
EXAMINATION TAKING PLACE’ was hung on the door of the clinic. The eight chairs 
were divided into a group of four near the door of the clinic and the other four towards the 
end of the room. A shoe bin was placed next to the door and three data collection stations 
were set up. 
 
Station 1 contained the weight  scale, stadiometer and the body composition device which 
was placed on an examination bed. Station 2 was set up behind a medical screen. It included 
the measuring tapes and clothes pegs. Station 3 consisted of two BP devices, accelerometers 
and instruction leaflets. The general layout of the stations in the clinic had to be practical and 
the stations placed in a way that minimized the chance of students’ facing each other or being 
close to each other. 
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2. Student preparation and separation into two groups: 
 
The approximate time needed to prepare and separate each group of eight students was 5-
7 minutes. As soon as a group entered the room, they were asked to take off their socks and 
shoes and put them in the shoe bin provided near the door. The students were then greeted 
and asked to sit in the chairs set out for them. They were asked to write their names and 
contact numbers on the cover page of the questionnaire. The four  students who completed 
their contact details first were asked to go to the various stations to be measured. They were 
requested to keep their questionnaires with them all the time. The remaining four students 
were asked to stay seated and to start completing the questionnaires. They were asked  to 
take their time and check the meaning of the questions. The students remained in their seats 
until the measurements of the first group had been taken. Then the two groups switched 
places: the measured group sat down in the chairs near the door and the questionnaire group 
went to the different stations to be measured. 
 
3. Designated tasks of the research team: 
 
The approximate time needed to complete the data collection from a group of 8 students 
is 60 minutes. The research team was made up of three personnel: The PhD candidate, 
Fieldworker A and Fieldworker B. In Station 1, Field worker A measured weight, height and 
body fat composition.  Field worker A usually finished early, and if so could help Field 
worker B by measuring body circumferences. In  Station 2, Field worker B measured waist 
and hip circumferences. This was done behind a medical screen to ensure privacy for the 
student. In Station 3, the PhD candidate measured the blood pressure and resting heart rate of 
the student and then allowed some time to explain in detail the purpose of  the accelerometer, 
including instructions for wearing  it, when to wear it and all the other information the 
student needed. After assisting the student to put on the elastic belt and making sure they 
knew how to wear it, the PhD candidate handed out an instructional leaflet about the of the 
accelerometer. It was the PhD candidate’s responsibility  to collect the completed 
questionnaires from the students once their measurements had been taken and they had 
answered all the questions. The PhD candidate was also responsible for  supervising the field 
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workers, monitoring  the students, making sure that  the team was running on schedule and 
contacting the school coordinator after the data had all been collected.  
 
4. Work flow of the data collection 
 
Stations 1 and 2 could take only one student at a time, whereas Station 3 could take two 
students. It did not matter which station the students went to first as long as they went to all 3 
stations. The stations were placed in a manner which allowed the team to see what the other 
members were doing while at the same time providing some privacy for the student present 
in each station. At Station 3, where two students were present, their seating arrangement 
enabled the PhD candidate to measure BP from the right arm of both students, i.e. the 
students were seated with their backs to each other. The two groups never mixed: as soon as 
the first group finished, the second group took its place. 
 
5. Concluding process for each data collection session: 
 
The approximate time it took to conclude the session was 20-30 minutes. The research 
team packed all the items of equipment in their original boxes. The questionnaires were 
counted to verify that the total corresponded to the number of participating students and the 
contact details were double checked. 
3.5.3 Data cleaning 
The questionnaire data were entered in an Excel file by the Statistics Department in 
the Ministry of Health of Kuwait. The data were subsequently sent to the researcher with the 
original questionnaires for data cleaning to detect outliers and implausible values. 
Unprocessed data from the accelerometers were downloaded to the laptop that was 
used to initialize them and saved in multiple locations including the researcher’s personal 
computer, a back-up hard drive and an online Actigraph data vault. ActiGraph data files were 
batch processed using a data reduction software programme (Actilife, version 6.7.0). The 
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software program was used to generate the PA and SB outcomes that were in turn entered on 
a spreadsheet.  
A number of inclusion and exclusion criteria were specified to reduce the 
accelerometer data. First, a 20-minute count of consecutive “zero” counts was used to 
indicate that the accelerometer was not worn. These data points were subsequently 
eliminated from all calculations. Second, days with fewer than ten hours of wear time data 
were excluded from the analyses to account for unrepresentative days of activity. Last, data 
for any participant with at least one valid day were included in the analyses to maximise the 
use of the sample (130).  
To estimate the minutes per day spent in PA and in SB, the Evenson (131) 
classification was chosen for categorizing the four intensities of activity, namely,  as 
sedentary (≤100), light (>100), moderate (≥2296) or vigorous (≥4012). A recent study 
compared five sets of accelerometer cut points to indirect calorimetry (as the criterion 
reference standard) in young people and to predict the accuracy of the intensity of an activity 
(whether light, moderate, vigorous and MVPA) (132); the study suggested that the Evenson 
cut points when compared to other cut points provided acceptable classification accuracy for 
all four levels of PA intensity among children of all ages (132). The main measures of overall 
activity included mean daily activity counts, mean daily steps and activity counts per minute 
(CPM) of valid wear time. In addition, mean daily times (minutes) spent in sedentary 
(defined as <100 CPM), light (100 to <2296 CPM), moderate (2296 to <4012 CPM), 
vigorous (≥4012 CPM) or moderate to vigorous physical activity (MVPA) were also 
recorded, the latter by combining moderate and vigorous levels of physical activity into one 
single variable.  Following data cleaning, the two spreadsheet files, one containing the 
questionnaire variables and one containing the accelerometry PA, SB outcomes were 
converted to two separate SPSS files. The SPSS files were subsequently merged by a unique 
study identifier. 
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3.5.4  General statistical approach  
The data management, analysis and graphical presentation were carried out using the 
computer software ‘Statistical Package for Social Sciences, SPSS version 20.0’ (IBM Corp, 
Armonk, NY, USA). The data were explored to assess the distribution of continuous 
variables by plotting histograms and by looking at value of kurtosis and skewness (Appendix 
9). To describe the SHAAK variables, frequencies and percentages were used for the 
categorical variables and the median and inter-quartile range were used for the continuous 
variables. Parametric techniques were used when the variables were normally distributed. 
When the assumptions of parametric analysis were not met (e.g. non-normal distribution, 
large skewness to kurtosis ratios), non-parametric tests were chosen. Statistical significance 
was set at the 5% level in all analyses. 
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Chapter 4: Adherence with wearing the accelerometers and the 
criterion validity of self-reported physical activity and sedentary 
behaviour against accelerometry  
4.1 Introduction 
 
Comprehensive assessment of PA and SB with low measurement error in children and 
adolescents is important; it allows public health research to document levels of, and changes 
over time in, PA and SB within and between young people (119, 133). Self-reported PA and 
SB measures can provide details about the type or domain of PA and SB which is not 
possible using objective measures of PA and SB  (83). However, objective PA assessments 
research may be better for evaluating links between PA and health outcomes (134, 135). 
Consequently, inappropriate or crude measures of PA and SB may lead to spurious results 
and misestimated effect sizes (136, 137).  
 
The validity and reliability of self-reported measures vary by race (138); therefore, 
accurate PA and SB measurements in specific populations and the appropriate choice of 
method is vital for researchers examining the relationship between PA or SB and health 
outcomes (138). PA presents a multidimensional, complex set of behaviours to measure and 
no single accurate method of assessing all its domains and subcomponents has been found 
(136). Each measurement tool has its own advantages and disadvantages.  
 
A published systematic review comparing the use of self-reported and objective 
measures of PA in the paediatric population suggested that correlations between self-reported 
and objective measures of PA (including accelerometers) were low to  moderate at best 
(correlation coefficient in the range of: r = -0.56 to 0.89) and are subject to substantial 
discrepancies in PA outcome if different measurement protocols are used on the same 
individual (82). For the studies that used accelerometry (conducted in primarily in Western 
countries) as the direct measure of PA, the review suggested that, overall, self-reported PA 
was overestimated by an average of 114% among males and 548% among females (82).  
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A recent systematic review that assessed the available self-reported PA instruments 
for use among young people in mainly European countries, based on validity and reliability 
ratings, suggested that three self-reporting measures (from the 20 activity-based measures 
included in the review) gained the support of the authors and the PA expert panel (133). The 
questionnaires supported by the expert panel provided convergent validity data of moderately 
strong agreement beyond chance (a correlation coefficient of 0.4 or above)  using an 
objective assessment of PA (including accelerometers) (133). Although these measures 
showed good agreement (r = 0.4-0.7) with accelerometry, their suitability and feasibility are 
designed for use on children and adolescents living in Western countries and may not be 
feasible for Arab young people (138). 
 
The only identified study that assessed the validity of a self-reported PA 
questionnaire against an objective measure of PA (pedometers) in the Middle East found 
moderately strong correlation coefficients between pedometer based step counts and self-
reported total time spent on all activities in the Arab Teen Lifestyle Study questionnaire 
(Pearson r = 0.37) (111). The study recruited a sample of 75 (39 males and 36 females) Saudi 
Arabian adolescents with a mean age of 16 years (111). However, there are a number of 
issues related to the use of the SW digi-walker pedometer as a criterion method (90). First, 
unlike accelerometers, pedometers are not capable of assessing the intensity of PA and like 
accelerometers are not able to qualify movement related to activities such as cycling, weight 
training and swimming (111). Second, pedometers have several limitations, such as the over 
counting of steps, which may occur when driving motor vehicles (90). For example, driving a 
distance of ten miles will record six to ten erroneous steps (90). Double-counting steps 
during running or brisk walking is also a limitation of pedometers (90). Another limitation of 
the digi-walker pedometer is the undercounting of steps during slow walking; for example, at 
1.5 mph it counts 75% of actual steps, while at two mph 88% of actual steps are recorded 
(90). The digi-walker also undercounts steps to a much greater extent in obese individuals, 
which may be as a result of the  reduced sensitivity when the pedometer is tilted away from 
the vertical axis (90).  
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The PA and SB assessment questions used in SHAAK resemble the questions used in 
the Arab Teen Lifestyle Study (26). Although, the validity of the Arab Teen Lifestyle Study 
PA questionnaire with an electronic pedometer has already been examined among Saudi 
Arabian adolescents (111), the results of which are subject to debate. To date, the criterion 
validity of self-reported SB with an objective measure has not been assessed in any study 
conducted in the Middle East or Arab countries. SB is multi-faceted, therefore, measuring SB 
accurately necessitates more thorough assessment than can be attained by indicators of 
overall sitting time (119). In this study, SB measures other than TV viewing were added to 
the SHAAK questionnaire; they include, doing homework, reading for leisure and time spent 
on social networks (119).  
 
  Accelerometry is now more commonly used as an objective method of measuring PA 
and SB in young people (119, 139). However, as previous studies have suggested, bias may 
result here also from the selective failure to wear the accelerometer (140). Examining the 
characteristics associated with adherence to wearing the accelerometers helps researchers to 
better understand the possible occurrence of bias when the accelerometer is not worn 
according to instructions.  
 
SHAAK is the first study in the Middle East to use accelerometry to estimate time in 
PA and SB; therefore, the aim of this chapter was to examine the criterion validity of the self-
reported PA and SB questions against accelerometry and to examine the characteristics 
associated with adherence in wearing the accelerometers. The results presented in the 
subsequent research chapters were interpreted  in relation to the findings of the present 
chapter.  
4.2 Objectives  
The objectives of the present chapter are: 
1. To assess the demographic, anthropometric, PA and SB characteristics of participants 
associated with adherence to wearing the accelerometer;   
2. To examine the criterion validity of self-reported PA questions against the Actigraph. 
3. To examine the criterion validity of self-reported SB questions against the Actigraph. 
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4.3 Method 
4.3.1 Study design, participants and sampling procedure 
For information on the design, recruitment and sampling procedure, refer to the 
general SHAAK methodology chapter (Chapter 3, section 3.1, page 72). 
4.3.2 Data collection 
For detailed information on data collection, refer to the general SHAAK methodology 
chapter (Chapter 3, section 3.3 pages 78-83 and section 3.5, pages 92-98).  
4.3.3 Data processing   
Questionnaire-derived physical activity and sedentary behaviour variables: 
The MVPA variable was calculated by summing the duration estimates of hours and 
minutes from the weekly volume PA table in the questionnaire. The total volume of MVPA 
for the previous week was subsequently divided by 7 to find the average daily amount of 
MVPA in minutes (26).  
 
Average daily MVPA (minutes) = [(weekly hours * 60) + weekly minutes] / 7 
 
Another MVPA self-report variable was derived from the questionnaire. The variable 
summed the average daily amount of MVPA (calculated from the previous week recall table) 
plus 15 minutes of break time activity for those participant who had answered yes to ‘Run 
and Play’ as their activity during the first and second school breaks. Previous studies devised 
similar self-reported variables to determine the average daily self-reported MVPA (141). 
New daily MVPA variable (minutes) = Average daily MVPA + 15  
 
SB variables were derived by calculating the midpoint value of the interval for each 
SB measure. The sum of all midpoints for different SB measures was used to calculate the 
total daily volume of SB in hours (142-144).  
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Average daily SB (hours) = midpoint TV (hours) + midpoint PC (hours) + 
               midpoint HW (hours) + midpoint LR  (hours) + midpoint VG 
(hours) + midpoint SN (hours) 
 
Accelerometer-derived physical activity and sedentary behaviour variables: 
Data from the accelerometers were downloaded to the accelerometry processing 
software (Actilife, Actigraph, version 6.7.0.). Accelerometer activity outcomes included the 
number of valid days, activity counts per minute (CPM) and average daily minutes in 
sedentary, light, moderate, vigorous and MVPA activity.  
The average daily accelerometer wear time (AWT) for each participant, was 
calculated as total accelerometer wear time for the valid days (TWT), divided by the number 
of valid days. 
 
AWT = TWT /  valid days 
 
The inclusion and exclusion criteria specified to reduce the accelerometer data are 
described in detail in Chapter 3, section 3.5.3, page 97. The accelerometer variables used in 
this chapter are the average daily time spent in MVPA, daily CPM, average daily sedentary 
time, valid days and AWT. The Evenson et al  (131) cut points for youth were chosen as 
appropriate cut points for categorizing the intensities of activity as sedentary (≤100), light 
(>100), moderate (≥2296) and vigorous (≥4012) (131). A recent study comparing 
accelerometer cut points in young people to predict the intensity of an activity suggested that, 
compared to other cut points, the Evenson cut points correctly predicted the activity intensity, 
(132). For sensitivity analyses, the average daily sedentary time using ≤200 cut point was 
also calculated (145).   
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4.3.4 Statistical analyses 
Statistical package, key descriptive statistics:  
The data management, analysis and graphic presentation were carried out using SPSS 
version 20.0’ (IBM Corp, Armonk, NY, USA). The data were explored to assess the 
distribution of quantitative or continuous variables. To describe the key SHAAK variables, 
frequencies and percentages were used for the categorical variables and the median and inter-
quartile range was used for the continuous variables. Gender differences were assessed by 
chi-square for categorical and the Mann-Whitney U test for continuous variables. Due to the 
compelling amount of evidence suggesting gender differences in the youths PA and SB, a 
stratified analysis by gender was considered a priori in this study (93). Statistical 
significance was set at the 5% level in all analyses. 
 
Accelerometer adherence: 
Frequencies and percentages were used to describe the number of valid days (at least 
600 minutes per day).   
 
Correlation strength:  
A correlation coefficient value of one indicates a perfect linear association and a 
value of zero indicates no correlation. A correlation coefficient value between 0.7 and 0.9 
indicates a strong correlation, while a value between 0.6 and 0.4 reveals a moderately 
strength association. A correlation coefficient within 0.3 and 0.1, indicates that the 
association is weak (146).  
 
Correlations between AWT, valid days and sociodemographic, anthropometric 
characteristics, PA and SB  
 
To begin with, the distribution of the continuous variables was investigated so as to 
choose between parametric and non-parametric statistical testing. The data showed that the 
relevant assumptions for parametric tests were not met (the distribution of the variables was 
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skewed); therefore, Spearman Rho and its two-tailed p-value were used to examine the 
correlation between AWT and several demographic characteristics such as, age and school 
grade. Spearman Rho was used to examine the correlation between AWT and several 
anthropometric measures such as, weight, waist circumference, BMI and BMI categorised as 
normal, overweight or obese. Spearman Rho was used to examine the correlation between 
AWT and PA, SB measures such as average daily self-reported PA, SB and accelerometer 
based average time spent in MVPA, SB.  
 
Correlations between self-reported and objectively measured PA and SB:  
 
Spearman Rho and its two-tailed p-value were used to examine the correlation 
between the average daily total as self-reported and as accelerometer based MVPA. The 
Spearman Rho was used to examine the correlation between self-reported average daily 
MVPA with break time activity added and accelerometer based MVPA. Spearman Rho and 
its two-tailed p-value were used to examine the correlation between average daily total self-
reported MVPA and daily accelerometer based counts per valid minute.  
 
Spearman Rho and its two-tailed p-value were used to examine the correlation 
between average daily total self-reported and accelerometer based SB. To account for the 
differences in the average length of time that the accelerometer was worn daily, partial 
correlations were repeated for the above measures while controlling for the average daily 
accelerometer wearing time. 
 
Sensitivity Analysis: 
For sensitivity analysis, Spearman Rho was used to examine the correlation between 
the questionnaire- and the accelerometer-based measures of MVPA, SB for participants with 
one and three valid days and repeated with ≤200 as the SB cut point (147, 148). 
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4.4  Results  
 
For details of the participants response rates, refer to the flow diagram in Chapter 3, 
section 3.1, page 77. To summarise,591 students enrolled in the study (the response rate for 
students was 99%), but, two students failed to provide data for most parts of the 
questionnaire and were subsequently dropped from the study. Several of the remaining 589 
students who had completed the questionnaires, provided invalid data on some of the 
questions as indicated in Table 4.1. Of the 589 students, 564 provided accelerometer data (25 
students failed to return their accelerometer), however, of the 564 students, 96 recorded less 
than one valid day of accelerometer data. 
 
4.4.1 Descriptive statistics for the study variables 
Table 4.1 describes the frequencies and key descriptive statistics of the SHAAK 
questionnaire and accelerometer based PA and SB variables. The median age of males and 
females was 15.0 and 14.0 years respectively. Of the total sample, 279 (46.9%) were males 
and 310 (52.1%) females.  
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1 0Table 4.1 Descriptive statistics of the SHAAK variables by gender (n= 589) 
Categorical variables       [ᵃ] Male n (%) Female n (%) p 
Gender  279 (46.9) 310 (52.1)  
School grade:    0.001 
   Grade 7  20 (7.2) 52 (16.8)  
   Grade 8  56 (20.1) 54 (17.4)  
   Grade 9  54 (19.4) 52 (16.8)  
   Grade 10  56 (20.1) 55 (17.7)  
   Grade 11  70 (25.1) 50 (16.1)  
   Grade 12  23 (8.2) 47 (15.2)  
Self reported physical 
activity 
    
First break activity:    0.018 
   Sit / talk / read  120 (43.0) 105 (33.9)  
   Stand / walk  144 (51.6) 195 (62.9)  
   Run / play games  15 (5.4) 10 (3.2)  
Second break activity:     [2]   0.001 
   Sit / talk / read  137 (49.5) 97 (31.3)  
   Stand / walk  135 (48.7) 201 (64.8)  
   Run / play games  5 (1.8) 12 (3.9)  
BMI in categories:            0.001 
Normal  111 (40.2) 152 (50.8)  
Overweight  70 (25.4) 93 (31.1)  
Obese  95 (34.4) 54 (18.1)  
Continuous variables      [ᵃ] Median (IQR) Median (IQR) p 
Age (years)                        [17] 15.0 (3.0) 14.0 (3.0) 0.24 
Moderate-to-vigorous 
physical activity   for 
previous week (minutes/day) 
 21.4 (25.7 17.1 (25.7) 0.06 
Total daily sedentary 
behaviour (hours/day) 
[14] 7.5 (4.0) 9.0 (4.0) 0.001* 
TV viewing (hours/day)  1.5 (1.0) 2.5 (1.0) 0.001* 
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(%) percent within gender [ᵃ] value represents number of participants with missing data for given variable *Significant 
gender difference at p <0.05 assessed by chi-square for categorical, and by Mann-Whitney U test for continuous variables 
  
Playing non-active video 
games, e.g. PlayStation 
(hours/day) 
 1.5 (1.5) 0.0 (1.5) 0.001* 
Using computer (hours/day)                       [6] 0.0 (1.5) 1.5 (0.0) 0.001* 
Using social networks 
(hours/day)  
[5] 1.5 (1.0) 1.5 (2.0) 0.16 
Doing homework 
(hours/day)  
[1] 1.5 (0.0) 2.5 (1.0) 0.001* 
Reading for leisure 
(hours/day)  
[4] 0.0 (1.5) 0.0 (1.5) 0.001* 
Accelerometer valid days  
( ≥600 minutes/day) 
[121] 3.0 (3.0) 4.0 (3.0) 0.06 
Accelerometer  average 
daily wearing time  
(minutes/day) 
[121] 827.0 (140.3) 865.3 (132.9)  0.001* 
Accelerometer  average 
daily sedentary behaviour  
(minutes/day) 
[121] 501.5 (132.9) 568.5 (136.7) 0.001* 
Accelerometer  average 
daily moderate-to-vigorous 
physical activity  
(minutes/day) 
[121] 19.0 (20.6) 8.8 (10.9) 0.001* 
Counts per valid minute per 
day 
[121] 2005.5 (2597.9) 1743.1 (2036.8) 0.04* 
Weight (kg)  72.4 (32.1) 57.0 (22.5) 0.001* 
Waist circumference (cm)  85.0 (26.9) 77 (16.8) 0.001* 
BMI  24.8 (10.7) 23.3 (7.7) 0.004* 
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4.4.2 Adherence to wearing the accelerometer  
This section describes the participants’ adherence to wearing the accelerometers and 
the demographic and anthropometric correlates of wearing the accelerometers.  
Table 4.2 presents the frequency and percentage of participants who had worn their 
accelerometers. A total of 473 (83%) of the participants had done so for one day at least, 
while 355 (63%) of them had done so on at least three days.  
 
1 0Table 4.2 Frequency and percentages of participants with valid days of 
accelerometer wear time for total sample and by gender 
Valid Days Male n (%) Female n (%) N (%) Cumulative % 
0 45 (17.3) 51 (16.8) 96 (17.0) 17.0 
1 27 (10.4) 30 (9.9) 57 (10.1) 27.1 
2 32 (12.3) 29 (9.5) 61 (10.8) 37.9 
3 50 (19.2) 31 (10.2) 84 (14.4) 52.3 
4 26 (10.0) 41 (13.5) 67 (11.9) 64.2 
5 33 (12.7) 53 (17.4) 88 (15.2) 79.4 
6 24 (9.2) 31 (10.2) 55 (9.8) 89.2 
7 23 (8.8) 38 (12.5) 61 (10.8) 100.0 
Total 260 (100) 304 (100) 564 (100)  
 
Using the 100 cpm cut point to denote a ‘sedentary’ minute, the correlation between 
the valid days or AWT and some characteristics of the participants for one valid day is 
presented in Table 4.3. A weak positive correlation was noted between the  number of valid 
days with weight, BMI, BMI in categories and average daily MVPA (accelerometer based) 
for male adolescents. A moderate positive correlation between the average accelerometer 
wearing time and the average daily SB (accelerometer based) for male adolescents. A 
moderate  positive correlation was found between average wear time and average daily SB 
(accelerometer based) for female adolescents as well.  
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1 0Table 4.3 Bivariate correlations between valid days, average daily accelerometer 
wearing time and participants characteristics 
Characteristic Valid daysᵈ Average accelerometer 
wearing time 
 r (p-value) r (p-value) 
 Male Female Male Female 
Age 0.02 (0.81) -0.04 (0.45) -0.04 (0.55) 0.06 (0.35) 
Grade 0.05 (0.47) -0.04 (0.46) -0.02 (0.74) 0.04 (0.54) 
Weight 0.14 (0.03)* -0.02 (0.76) -0.01 (0.87) 0.09 (0.13) 
Body mass index 0.12 (0.05)* -0.01 (0.93) 0.003 (0.97) 0.09 (0.14) 
Body mass index 
categorised† 
0.14 (0.02)* 0.01 (0.85) 0.05 (0.46) 0.01 (0.13) 
Waist circumference 0.09 (0.14) 0.03 (0.56) 0.05 (0.51) 0.09 (0.13) 
Total daily sedentary 
behaviour (self-reported) 
-0.04 (0.50) 0.05 (0.41) 0.02 (0.81) -0.14 (0.82) 
Average daily sedentary 
behaviour 
(accelerometer) 
0.15 (0.03)* 0.21 (0.001)* 0.48 (0.001)* 0.58 (0.001)* 
Total daily physical 
activity (self reported)  
0.06 (0.34) 0.11 (0.06) 0.03 (0.65) 0.03 (0.64) 
Average daily physical 
activity (accelerometer) 
0.13 (0.05)* 0.14 (0.03)* 0.09 (0.20) 0.13 (0.04)* 
ᵈData for participants with 1 valid day with 100 as sedentary behaviour cut point r: Spearman Rho correlation coefficient  
*denotes significant at the 0.05 level †Body mass index (BMI) categories: normal, overweight, obese(42) 
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4.4.3  The criterion validity of the self-reported physical activity and sedentary 
behaviour questions against accelerometry  
This section describes the criterion validity of the self-reported PA, SB variables with 
the corresponding accelerometry variables. The correlation between average daily self-
reported and accelerometer based MVPA for participants with at least one and three valid 
days is presented in Table 4.4. No evidence for a correlation between the average self-
reported and accelerometer based MVPA was found for at least one or three valid days.  
 
Table 4.4 also presents the correlation between the daily self-reported MVPA and 
total counts per day (accelerometer based) for participants for at least one or three valid days. 
A weak positive correlation was observed for one valid day between the average daily self-
reported MVPA and MVPA with school break activity added, and daily counts per valid 
minute (accelerometer based),  (r=0.14) and (r=0.13) respectively. Similarly, a weak positive 
correlation was noted between the average daily self-reported MVPA and MVPA with school 
break activity added with daily counts per valid minute (accelerometer based),  (r=0.11) and 
(r=0.11) respectively when the number of valid days equalled three. 
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1 0Table 4.4 Bivariate correlations between self-reported and accelerometer based 
physical activity 
 
 
Moderate-to-vigorous physical activity (accelerometer based) 
Self-reported physical 
activity variable 
At least one valid day 
n=473 
At least three valid days  
n= 355 
r (p) r (p) 
Moderate-to-vigorous 
physical activity 
0.06 (0.17) 0.05 (0.35) 
Moderate-to-vigorous 
physical activity † 
0.06 (0.18) 0.04 (0.42) 
Self-reported physical 
activity variable 
Counts per valid minute (accelerometer based)   
Moderate-to-vigorous 
physical activity 
0.14 (0.03)* 0.11 (0.01)* 
Moderate-to-vigorous 
physical activity † 
0.14 (0.02)* 0.11 (0.01)* 
      r: Spearman Rho correlation coefficient *denotes significant at the 0.05 level †MVPA with 15 minutes of break time 
activity added for those who answered yes to ‘Run and Play’ during the first and second school breaks.  
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Table 4.5 presents the correlations of self-reported daily SB measures, e.g. watching 
TV, playing video games, etc. with  average daily SB (accelerometer based) for one valid day 
and three valid days at the SB cut points of 100 and 200. A weak positive correlation was 
found with daily TV viewing, (r= 0.14) for one valid day, at the 100 SB cut point. Similarly, 
a weak correlation was observed for one valid day, at the 200 SB cut point, as well as for 
three valid days, at both the 100 SB cut point and the 200 SB cut point (r = 0.15). Self- 
reported SB measures including PC use and reading for leisure weakly correlated with the 
average daily SB (accelerometer based) for three valid days at both the 100 and 200 SB cut 
points, (r=0.11). A weak negative correlation was seen between self-reported non-active 
video gaming and the average daily SB (accelerometer based).  
 
Partial correlations for the above measures while controlling for the average daily 
accelerometer wearing time, revealed that the weak positive correlation with TV viewers 
persisted. In addition, a weak positive correlation was observed between the average daily 
SB (accelerometer based) and the total SB (self-reported) for the three valid days, at the 200 
SB cut point (r =0.11).  
  
115 
 
1 0Table 4.5  Bivariate correlations between self-reported and accelerometer based  
sedentary behaviour measures 
Sedentary behaviour 
variable (self-reported) 
Sedentary behaviour variable  (accelerometer based) 
At least one valid day At least three valid days 
r (p)¹ºº r (p)²ºº r (p)¹ºº r (p)²ºº 
Watching TV 0.14 (0.003)* 0.14 (0.002)* 0.15 (0.001)* 0.15 (0.001)* 
Playing non-active video 
games 
-0.10 (0.04)* -0.080 (0.08) -0.104 (0.05) -0.010 (0.06) 
Using personal computer 0.08 (0.08) 0.08 (0.07) 0.12 (0.03)* 0.11 (0.04)* 
Using social networks -0.02 (0.73) -0.02 (0.75) -0.02 (0.69) -0.02 (0.78) 
Doing homework 0.03 (0.45) 0.04 (0.35) 0.09 (0.11) 0.10 (0.05) 
Reading for leisure 0.05 (0.33) 0.06 (0.18) 0.01 (0.08) 0.12 (0.04)* 
Total daily sedentary 
measure 
0.05 (0.32) 0.06 (0.18) 0.09 (0.11) 0.10 (0.06) 
                                  Average daily sedentary behaviour (accelerometer based)† 
Watching TV  0.13 (0.005)* 0.16 (0.001)* 0.13 (0.01)* 0.12 (0.02)** 
Playing non-active video 
games  
-0.06 (0.19) -0.08 (0.07) -0.08 (0.13) -0.06 (0.30) 
Using personal computer  0.08 (0.09) 0.06 (0.20) 0.11 (0.04)* 0.10 (0.05) 
Using social networks  0.02 (0.72) 0.01 (0.88) -0.01 (0.83) -0.02 (0.75) 
Doing homework  -0.01 (0.88) 0.07 (0.15) 0.04 (0.49) 0.09 (0.11) 
Reading for leisure  0.04 (0.40) 0.06 (0.21) 0.11 (0.05) 0.09 (0.09) 
Total daily sedentary 
behaviour 
0.07 (0.16) 0.09 (0.07) 0.09 (0.09) 0.11 (0.04)* 
r: Spearman Rho correlation coefficient  *denotes significant p-value at the 0.05 level  
¹ººSedentary behaviour cut point at ≤100  ²ººSedentary behaviour cut point at ≤200   
†Partial correlation controlling for average daily accelerometer wear time  
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4.5 Discussion 
4.5.1 Accelerometer wear time and correlates of adherence to wearing the 
accelerometer 
This study found that almost 11% of the participants wore their accelerometer for 
more than or for as much as ten hours per day for all the seven days that they had been 
requested to wear. This finding is lower than the observations made in previous studies. A 
study to assess the feasibility of using accelerometers to measure PA in young adolescents 
(school grades 6-8) found that 50% of the participants wore their accelerometers for the 
requested time of seven days (149). However, in this study, as with most other research 
studies using accelerometers, participants were to be included in the analyses even if they 
wore their accelerometer less than the requested number of days.  
 
Sixty two percent of the participants in this study had at least three valid days of 
accelerometer wear time. The findings in this regard are somewhat lower than those in 
previously published studies. A  Belgian cross-sectional study to assess PA using 
accelerometers recruited 637 adolescents (13-15 years) and requested the students to wear 
their accelerometers for seven days (150). The study found that 80% of participants wore the 
accelerometer for more than or equal to three days, the minimum number of valid days 
required for inclusion in the study analyses (150).  
 
A study to assess activity patterns in European children (9-15 years) found that 70% 
had  more than or as much as four valid days of accelerometry data (151). It is possible that 
the studies mentioned previously had better adherence because they included younger 
children or adolescents (age range 9-15), who were more likely to wear their accelerometers 
for the requested time (147, 152). Studies which employ incentives for participants may 
further explain the variability in adherence to accelerometer protocol (153). Furthermore, the 
discrepancies found between studies regarding wear time and non-wear time criteria during 
the statistical analyses can produce different results with regards to the number of valid days 
for each participant (154).  
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Eighty three percent of participants in this study wore their accelerometer for at least 
one valid day, which is similar to the figure in the International Children’s Accelerometry 
Database study. The International Children’s Accelerometry Database study suggested that, 
when using  more than or as much as to ten hours of accelerometer as the wear per day 
criterion, 93% of participants provided at least one valid day of data (130).  
 
The findings which relate to the characteristics associated with accelerometer wear 
time and number of valid days, are partly consistent with previous studies. Specifically, the 
number of valid days had a weak positive correlation with weight, BMI and BMI in 
categories, average daily SB (accelerometer) and average daily MVPA (accelerometer) for 
male adolescents. A weak positive correlation was found between valid days and average 
daily SB (accelerometer) for female and male adolescents. Consistent with this finding other 
studies have reported a  positive correlation between valid days and a greater BMI and being 
overweight (149). 
 
The results in this study are somewhat inconsistent with findings from previous 
studies, two previous studies conducted in the UK found that females, younger children and 
those with a lower BMI  were more likely to wear the accelerometer for the required length 
of time (147, 153, 155). Accelerometer wear time and valid days in this study were correlated 
weakly with BMI, which is similar to a UK study that assessed the characteristics associated 
with the requested and required accelerometer wear in children (155). Other studies have 
found that the greater the BMI, the less likelihood there is of wearing the accelerometer for 
the required time (147, 153).  
 
A correlation between valid days or accelerometer wearing time and waist 
circumference was not found in this study, which is similar to the findings from previous 
studies (155). Self-reported time spent in SB and number of valid days were not correlated in 
this study, but a negative correlation is suggested by observations in other studies (155). The 
weak correlation of MVPA and valid days and accelerometer wear time is similar to that in 
other studies which found that more active children were more likely to fulfil the requested 
accelerometer wear time (155).  
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The moderately strong correlation of accelerometer based average daily SB with 
average daily accelerometer wear time among males and females is a novel finding in study.  
A previous study that assessed characteristics associated with accelerometer wear time  
reported that children with higher screen time viewing are less likely to provide 
accelerometer data (155). The findings in this study are substantial as they present a 
systematic bias in the sample. Therefore, the results in subsequent chapters, particularly the 
average daily levels of SB, should be interpreted with caution as it appears that average daily 
SB (accelerometer based) was moderately correlated with accelerometer wearing time.  
4.5.2 The correlation of self-reported physical activity with accelerometer based 
physical activity 
In general, this study did not find a correlation between self-reported MVPA and 
accelerometer based average daily MVPA. The only study in the Middle East that was 
identified assessed the correlation between the self-reported Arab Teen Lifestyle Study 
questionnaire with an electronic pedometer found the correlation coefficient between self-
reported total time spent on all activities and pedometer based step counts was moderate at 
best (Pearson r = 0.3) (111). The Arab Teen Lifestyle Study sample comprised a relatively 
small sample of 75 Saudi Arabian adolescents (39 males and 36 females) with a mean age of 
16 years (111). A possible explanation for the discrepancy between the findings in this study 
and those in the Saudi Arabian study includes, differences in the measurement properties of 
the devices. 
 
Pedometers have several limitations, such as the over counting of steps, which may 
occur when driving motor vehicles and the double-counting steps during running or brisk 
walking (90). While the SHAAK questionnaire asked the participants to recall the frequency 
and duration of their PA for the previous week, the Arab Teen Lifestyle Study questionnaire 
was designed to collect information on the frequency, duration of a variety of activities of 
light, moderate and vigorous intensity during a typical week (111). An important 
consideration is whether the question used in the SHAAK questionnaire was representative 
of the PA  levels of the participant; if it were unrepresentative it might account for the failure 
to observe a correlation with accelerometry.  
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While the Arab Teen Lifestyle Study questionnaire is designed to collect information 
on the frequency and duration of a variety of activities of light, moderate and vigorous 
intensity during a typical week (111), another limitation of the pedometer is its inability to 
assess PA intensity. These results suggest that the validation of the Arab Teen Lifestyle 
Study PA questionnaire is open to discussion because, at least to some extent, the Arab Teen 
Lifestyle Study questionnaire and pedometer measured different components of PA (111, 
156).  
 
Other studies which examined the correlations between self-reported PA and 
objectively measured PA have suggested (regardless of the objective method employed) a 
poor or low to moderate association between measures (82). A possible explanation for the 
findings in this study is that reported measurements are taken over different lengths of time, 
sometimes with or without time lag. For example, the self-reported recall of MVPA for the 
previous week over one or three days was used to objectively measure MVPA. This was also 
noted in other studies assessing the correlation between self-reported MVPA and objectively 
measured MVPA (157, 158). Accelerometers measure data in ‘real time’ which can 
determine habitual activity, but this necessitates measurement over several days as suggested 
by previous studies (159). Furthermore, a systematic review highlights that different 
accelerometer outcomes are used to assess the correlation between self-reported and 
objectively measured PA (82). For example, two studies included in the review, assessed the 
correlation between a self-reported PA questionnaire with the total counts per day 
(accelerometer based) (160, 161). Results were markedly different amid the two studies and 
with this study. The analyses in this study showed weak positive correlation between the 
average daily self-reported MVPA and total counts per minute per day (accelerometer based) 
(r=0.13). This is partly supported by previous findings from Argiropoulou et al. which 
reported a Pearson r in the range of 0.09-0.65 between the three day PA recall and lifestyle 
questionnaires and the total counts per minute per day (accelerometer based) (160).  Ekelund 
et al. reported a moderate correlation between the self-administered PA checklist and 
accelerometer based daily total counts per minute, (partial correlation adjusted for gender 
was in the range of 0.44-0.51 (161). The likely explanation for the inconsistencies in the 
120 
 
findings in this study and previous research  include the variations of the study participants 
characteristics, the use of different self-reported PA measures and more importantly, the 
questionnaire used in this study being a poor measure of MVPA and SB (82).  
 
Other possible explanations for findings in this study may be the fundamental 
difference between self-reported PA and objectively measured PA. Self-reported PA, 
commonly measured through self administered questionnaires, is subject to social desirability 
and recall bias. Due to the cognitive demands of recall, the participant finds it difficult to  
ascertain the frequency duration and intensity of PA (136). In addition children’s activity is 
unique in that it is characterised by short bouts rather that longer sustained periods as 
suggested by previous studies (162). These issues along with questionnaire reliability and 
sensitivity issues are well documented in previous studies (136) and may provide some 
perspective for possible the pitfalls of self-reported PA data. In addition, self-report measures 
of PA are culturally very dependent; therefore, a validated questionnaire used a specific 
population may not be systematically be used in other ethnic groups, populations or 
geographical regions (163).  
 
The device used in this study measure acceleration in one plane (vertical), as a result, 
is unable to measure all activities (such as upper body movement or cycling) equally because 
the device is positioned at the waist. Accelerometers may underestimate the energy cost of 
walking on an incline or carrying heavy loads, because despite the increase in effort, the 
acceleration patterns remain unchanged.  
 
The choice of cut points for the classification of PA intensities has been subject to 
debate in previous studies (164). Based on selected cut points, the levels and patterns of time 
spent in MVPA may be determined. Using different cut points may result in discrepancies 
concerning time engaged in MVPA. This study utilized the Evenson cut points as appropriate 
for use among youth as previous studies have suggested (165). A recent systematic review 
suggested that there is no consensus on the ‘best’ cut points for the classification of children 
and adolescent MVPA (164).  
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Another challenging issue which may have affected the results of the correlation of 
the self-reported questionnaire with accelerometry is the issue of missing data from both the 
questionnaire and accelerometer output. Missing accelerometer based PA data may have an 
important bearing on outcome variables used in this study and as suggested by previous 
studies (159). The fact that accelerometer counts are not being documented during periods in 
which the device is not worn results in many common measures of daily PA being biased 
downwards (166).  
4.5.3 The correlation of self-reported with accelerometer based sedentary behaviour 
time 
The correlation between self-reported with accelerometer based SB was low. Of all 
the different SB measures asked about in the questionnaire, TV viewing was the only 
measure to have a consistent positive, albeit weak, correlation with average daily SB from 
the accelerometer. Although the correlations found in this study were weak (r=0.15), the 
positive correlation was evident even after adjusting for valid days and accelerometer 
wearing time. This is the first study in the Middle East to assess the correlation between a 
self-reported and objectively measured SB; therefore, the findings in this study cannot be 
compared to other studies in the same geographical and cultural context. However, the 
findings in this study are to some extent consistent with other studies comparing self-reported 
SB results with those of accelerometry  (167, 168). This study also found personal computer 
use to be weakly correlated with accelerometer measured SB for those participants with three 
valid days of accelerometer wear. Previous studies which reported stronger correlations 
between self-reported SB and objectively measured SB (r=0.30) used questions that 
determined the total volume of SB for the previous seven days (169), rather than at hourly 
intervals, as this study did. The correlations were similar for the data analyses using different 
SB cut points for sensitivity analyses. This is similar to the findings from previous studies 
(170).  
 
The issue of missing data in both self-report measures and accelerometer based 
measured SB also applies in this study and may explain why stronger correlations between 
the measures were not evident. The decision on whether the accelerometer output data are 
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actually missing data rather than what would be produced by a sustained period of inactivity 
is contested by previous studies (136). Confusing inactivity with missing data leads to 
underestimating SB which may have been the case in this study. A study which assessed 
accelerometer data reduction in adolescents and its effects on sample bias suggested that 
small differences in data reduction criteria such as non wear periods has an impact on sample 
size and SB outcomes (154).   
4.5.5 Strengths, limitations and implications of the study 
This study has several strengths; it includes adolescents from a wide age range (12-18 
years) and shows that the vast majority of participants recruited in the study gave complete 
sociodemographic, anthropometric data and good adherence with wearing the Actigraph. 
This study has several limitations. The study did not include students from all the 
governorates of Kuwait, thereby reducing the power of the study and limiting its 
representativeness. The findings in this study are representative of the three governorates 
included and cannot be generalized to all Kuwaiti adolescents. Findings in this study showed 
that adherence to wearing the Actigraph for at least three valid days was lower compared to 
other studies (151, 152). Furthermore, the reliability of the self-reported  and objective 
measures of PA and SB was not assessed in this study. Self-reported PA and SB did not 
overlap the same time period of the objectively measured PA and SB. The time lag between 
the administration of the self-reported PA, SB questionnaire and objectively measured PA 
and SB is another limitation of this study. Accelerometry data reduction decisions including 
the definition of non-wear time (20 minutes of consecutive zeros) may have underestimated 
objectively measured sedentary time. The findings in this study had several implications for 
subsequent data analyses. The correlations for participants with three valid days were similar 
to those with one valid day. In accordance with this finding and in line with previous studies, 
to maximise the use of our collected accelerometry data, all the participants who wore their 
accelerometer for more than or as much as one day were included in the subsequent study 
analyses. The data analyses using different SB cut points showed no major differences. 
Therefore, only the 100 SB cut point were adopted in the consequent analyses. This study 
found no correlation between self-reported and objectively measured PA and SB. In 
accordance with this finding, only accelerometer based PA and SB data will be used when 
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examining the sociodemographic correlates of PA and SB, as well as the association of PA, 
SB with adiposity and blood pressure.   
4.5.6 Conclusion 
In conclusion, 63% of the participants fulfilled more than or as much as three days of 
accelerometer wearing time and 83% wore the accelerometer for at least one day. 
Participants with higher accelerometer based SB were more likely to meet the accelerometer 
wearing time criteria, which may present a wear time bias that warrants cautionary 
interpretation of results in subsequent analyses. There was no correlation between self-
reported MVPA and accelerometer average daily MVPA, which demonstrates that the self-
reported and accelerometer based measures of PA used in this study may be incongruent. 
However, TV viewing was a self-reported SB measure that was weakly but consistently 
found to correlate with average daily SB (accelerometer based). There was no correlation 
between accelerometer based SB and total daily self-reported SB. These results support the 
contention that there is no ideal measure for assessing PA and SB among adolescents. 
Although it is unclear whether the self-reported and objective measures of PA and SB in this 
study are congruent, this does not necessarily indicate that self-reported PA and SB should be 
discredited.  
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Chapter 5: Self-reported and objectively assessed physical activity and 
sedentary behaviour and their socio-demographic correlates  
5.1 Introduction 
 
Observational and experimental studies have documented the association of PA with 
favourable health outcomes (3). International agencies and local governments have 
recommended that children and adolescents should engage in MVPA for at least 60 minutes 
and up to several hours every day (171-173). Young people’s PA is somewhat different from 
that of adults in that it is intermittent in nature (sporadic), often unplanned (short bouts of 
activity) and not time bound (174). PA assessment is necessary to determine whether 
adolescents in Kuwait are meeting the recommended guidelines to maintain adequate heath, 
to make cross-cultural comparisons with other populations, to monitor time trends and to 
evaluate the effect of PA interventions (175).   
 
Over the past few decades, technological advancements have brought about immense 
changes to societies all over the world. Among the profound changes is the increase in the 
availability of sedentary forms of entertainment including video games, television, the 
internet and smartphones. Regardless of the amount of time spent on PA, some international 
agencies and local governments have recommended that children and adolescents should 
minimise their sedentary time (although a daily limit is not specified) (173), while others 
recommend spending no more than two hours daily as ‘screen time’ (small screen media use) 
(176).  Assessment of SB is necessary to develop effective intervention programmes aimed at 
reducing the time that children and adolescents spend in SB (127).    
 
Kuwait (whose socioeconomic and political landscape has been described in Chapter 
1, section 1.2, pages 30-33) has an affluent economy and its GDP ranks among the highest 
between Arab countries (177, 178). Kuwaiti citizens have several privileges, granted by the 
government as part of the social policy. These privileges include, free health care, free 
education (including university), a financial grant upon marriage and free housing (177). 
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Urbanization and the rapid boost in economic well-being in Kuwait have come with 
profound lifestyle changes including the PA and SB levels of Kuwaitis (73). 
 
In the year 2010, a strategy to combat obesity and promote PA in Arab countries 
(including Kuwait) presented a number of objectives for elementary and secondary school 
students (33). It was recommended that by the year 2015, Arab countries should have 
increased the percentage of children who are physically active for one hour or more, on five 
or more days of the week by 25% (33). Furthermore, it was recommended that the percentage 
of students who watch television daily for more than two hours be reduced by 20% (33). PA 
and SB data in Arab countries are based on the available Global School Health Survey 
(WHO statistics) (24) or the Arab Teen Lifestyle Study (26). The limitations of these self-
reported measures was described in the previous chapter.  To summarise, the self-reported 
measures seem to be incongruent with objectively measured PA and SB. To fulfil gaps in the 
literature, comprehensive data (self-reported and objectively measured) on existing patterns 
of PA and SB among adolescents in Kuwait are addressed in the present chapter. The 
generated data will provide baseline information for comparative purposes or follow up 
studies (33). 
 
Understanding the key characteristics associated with PA and SB patterns among 
young people is a crucial prerequisite for the planning and implementing of effective 
intervention programmes (179, 180). Studies have suggested several sociodemographic 
factors are consistently associated with PA of children and adolescents (93). PA and 
sedentary lifestyles may be especially common among certain population subgroups (181). 
Assessing socioeconomic differences in PA and SB may provide insights into optimal 
intervention points at the different PA and SB domains in which these inequalities begin to 
emerge (181). Socioeconomic status is commonly conceptualized as the social standing of an 
individual and is often measured as a combination of education, income, and occupation 
(182, 183).  
 
While Western studies have explored the associations of PA and SB with several socio-
demographic correlates, studies in the Middle East focus largely on gender differences or 
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associations with dietary habits (184-186). Furthermore, the limited studies available are 
heterogeneous in terms of their measures of PA and SB. To address the gaps and 
inconsistencies in the literature, the demographic and socioeconomic correlates of 
accelerometer based PA, SB will be examined in the present chapter as well. 
  
5.2 Objectives and hypotheses 
5.2.1 Objectives 
1. To examine the levels of PA among school age adolescents in Kuwait, using a self-
administered questionnaire and an accelerometer. 
2. To examine the levels of SB among school age adolescents in Kuwait, using a self-
administered questionnaire and an accelerometer. 
3. To examine the socio-demographic correlates of PA in school-age adolescents  
4. To examine the socio-demographic correlates of SB in school-age adolescents 
  
5.2.2 Hypotheses 
1. MVPA levels among adolescents are low and do not meet the current MVPA 
recommendations  
2.  SB levels among adolescents are high and do not meet the current SB guidelines 
3. Younger adolescent girls (grade 7) would have higher MVPA and lower SB levels 
than older age girls (grade 12).  
4. Adolescents with advantaged SES are associated with higher levels of MVPA and 
lower levels of SB.  
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5.3 Method 
5.3.1 Study design, participants and sampling procedure 
For information on the design, recruitment and sampling procedure, refer to the 
general methodology chapter (Chapter 3, section 3.1, pages 72). 
5.3.2 Data collection 
For detailed information on data collection, refer to the general SHAAK methodology 
chapter (Chapter 3, section 3.3 pages 78-83 and section 3.5, pages 92-97). Information 
relevant to the present chapter is summarised in the following sections.  
 
SHAAK questionnaire 
Demographic variables of adolescent gender, age and grade were collected using a 
self-administered questionnaire.  
As an indicator of socioeconomic status, adolescents reported their parents’ highest 
level of education (post graduate, university, secondary, intermediate, primary, read/write or 
illiterate). In addition adolescents reported parental occupation, number of bedrooms, number 
of cars the family owned, number of domestic staff, home ownership and bedroom sharing.  
The time spent in MVPA was estimated by asking the participants to recall the 
exercise and sport activities during the previous week (Appendix 3). Participants who 
answered yes to any activity (e.g. football) were asked to provide details of the frequency and 
average duration of their participation in that activity.  
SB was assessed by asking such questions as: “How many hours a day do you spend 
watching TV?” with the following answering categories: ‘Don’t do this activity’, 1-2 hours, 
2-3 hours and more than 3 hours (Appendix 3). 
 
Accelerometry 
Refer to Chapter 3, section 3.3.1, pages 82-83 for the details of the accelerometer 
based measurements.  
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5.3.3 Data processing 
Questionnaire-derived physical activity and sedentary behaviour variables: 
The handling of the self-reported MVPA  and SB variables is described in Chapter 4, 
section 4.3.3, page 103. 
One more self-reported MVPA variable was derived for the present chapter. The 
variable categorised participants into those who met the daily MVPA recommendations and 
those who had not.  
Participants who met the MVPA recommendations = MVPA ≥ 60 minutes per day 
Participants had not met the MVPA recommendations = MVPA < 60 minutes per day 
An additional self-reported SB variable was derived. The variable categorised 
participants into those who met the daily SB guidelines and those who had not.  
Participants who met the SB guidelines = SB < 2 hours of screen time per day  
Participants had not met the MVPA recommendations = SB ≥ 2 hours of screen time per day 
 
Accelerometer-derived physical activity and sedentary behaviour variables: 
 Refer to Chapter 4, section 4.3.3, page 104 for the handling of the MVPA and SB 
variables. 
Additional accelerometer based MVPA and SB variables were derived for the present 
chapter, these variables categorised participants according to those who had and who had not 
met the MVPA and SB recommendations. Refer to the above section for details.  
 
Socioeconomic status derived variable: 
Two SES variables were used to define the social position of adolescents families. 
The first variable used parental education as an indicator for overall familial social position. 
The variable categorized adolescents reported parental education into higher education (both 
parents have a university or higher degree) or lower education (both parents are of secondary, 
intermediate, primary, read/write and illiterate level).  
The other SES variable used overall familial material circumstances as a social 
position indicator. To define this variable, a unique scale to measure SES was devised and 
named the SHAAK SES Scale (SSS). The measure consisted of ten different items: fathers’ 
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education (university/higher=1, other=0), fathers’ occupation (employed=1, other=0), 
mothers’ education (university/higher=1, other=0), mothers’ occupation (employed=1, 
other=0), number of cars (≥3=1, <3=0), number of domestic staff (≥3=1, <3=0), home 
ownership (owned=1, rented=0), bedroom sharing (no=1, yes=0), number of bedrooms 
(≥3=1, <3=0) and governorate (Assimah=1, other=0).  
Then the SES score was calculated by summing the responses, ending with a score 
ranging from 0 to 10. Accordingly, the SES score was categorized as two-level: middle= 0-6 
and high=7-10. Although SSS is unique to the present study, it incorporated three items from 
the Family Affluence Scale (FAS) (187) which is often used to define SES among 
adolescent. 
5.3.4 Statistical analyses 
Key descriptive statistics: 
The data were explored to assess the distribution of categorical or continuous 
variables. First, to describe the SHAAK variables used in this study, frequencies and 
percentages were used for the categorical variables and the median and inter-quartile range 
for the continuous variables. The median was used to describe the levels of MVPA and SB 
for continuous variables in the discussion section. Due to the extensive amount of evidence 
suggesting gender differences in the prevalence and correlates of PA, a stratified analysis by 
gender was considered a priori in this study (188, 189). 
 
Descriptive statistics for self-reported and accelerometer based PA and SB data were 
presented by gender and by SES status (assessed by parental education). Gender and SES 
status differences were assessed by Chi-square for the categorical variables and by Mann-
Whitney for the continuous variables. When more than two groups or categories were found, 
a two-tailed Kruskal-Wallis test was used.  
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Bivariate correlations of  accelerometer based MVPA, SB with sociodemographic 
variables: 
The Spearman Rho and its two-tailed p-value were used to assess the correlation of 
accelerometer based MVPA with the socio-demographic variables.  
Bivariate correlations were repeated to assess the correlation of accelerometer based 
SB with the socio-demographic variables.  
 
Multiple linear regression analyses: 
 
Lastly, to examine the association between each of the socio-demographic factors and 
PA and SB,  multiple linear regression analyses was performed to calculate percent variance 
explained and used to determine linear trend p values. Prior to analysis, regression 
assumptions were checked. Skewed variables were log transformed before analysis 
(accelerometer based MVPA). 
 
Statistical models were run for each dependant variable (accelerometer based PA and 
SB) and independent variables (socio-demographic factors: age, mother’s education, SSS). 
To account for differences in accelerometer wear time, models were further adjusted for 
average daily accelerometer wear time.  
 
To minimise effects of collinearity and prior to multiple linear regression, the 
Spearman Rho and its two-tailed p-value were used to assess the correlation between the 
adiposity indices and all the explanatory variables (e.g. age and school grade or parental 
education and parental occupation). If the bivariate correlations were strong ( r = 0.7-0.9), 
one demographic (e.g. age) or one socioeconomic variable (e.g. mother’s education) was 
used in the model. Statistical significance was set at the 5% level in all analyses. 
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5.4 Results 
For details on response rate and missing data, refer to Chapter 3, section 3.1, pages 76.  
5.4.1 Descriptive statistics of the study variables 
Descriptive statistics of the independent variables are presented in Table 5.1. The 
study participants were 46.9% male, the median age of males and females was 15.0 and  14.0 
years respectively. Approximately  58% of fathers and 66% of mothers had at least a college 
degree. According to SSS devised for the purpose of this study, 38.4% and 61.6% of the 
participants were in the middle and high SES classes respectively. With the exception of 
school grade, bedroom sharing and number of cars owned by a family, girls and boys were 
similar in each of the other independent variables.  
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1 0Table 5.1 Descriptive statistics of the sociodemographic variables by gender 
(n= 589) 
Categorical variables       [ᵃ] Male n (%) Female n (%) p- 
Gender  279 (46.9) 310 (52.1)  
Governorates:    0.173 
    Hawalli  116 (41.6) 108 (34.8)  
    Asimah  95 (34.1) 109 (35.2)  
    Jahra  68 (24.4) 93 (30.0)  
Father’s education:    0.225 
Illiterate  1 (0.4) 0 (0)  
Read and write  12 (4.3) 20 (6.5)  
Intermediate  24 (8.6) 7 (2.3)  
Secondary  46 (16.5) 48 (15.5)  
University  102 (36.6) 130 (41.9)  
Higher   57 (20.4) 54 (17.4)  
Don’t know  37 (13.3) 51 (16.5)  
Father’s work status:    0.597 
Unemployed  28 (10.0) 36 (11.6)  
Employed  251 (90.0) 274 (88.4)  
Mother’s Education:    0.446 
Illiterate  0 (0) 0 (0)  
Read and write  14 (5.0) 19 (6.1)  
Intermediate  3 (1.1) 7 (2.3)  
Secondary  33 (11.8) 39 (12.6)  
University   139 (49.8) 164 (52.9)  
Higher   50 (17.9) 41 (13.2)  
Don’t know  40 (14.3) 40 (12.9)  
Mother’s work status:    0.523 
Unemployed  84 (30.1) 85 (27.4)  
Employed  195 (69.9) 225 (72.6)  
Living arrangement: [7]   0.131 
Both parents  228 (83.5) 254 (82.2)  
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(%) percentage within gender [ᵃ] value represents number of participants with missing data for given variable *Significant 
gender difference at p <0.05 assessed by chi-square for categorical, and by Mann-Whitney U test for continuous variables 
IQR: Inter-quartile range 
Extended family  30 (11.0) 46 (14.9)  
Only mother or father  15 (5.5) 9 (2.9)  
Home ownership:    0.569 
Rented  42 (15.1) 52 (16.8)  
Owned  237 (84.9) 258 (83.2)  
Bedroom sharing: [1]   0.009 
Yes  76 (27.3) 116 (37.4)  
No  202 (72.7) 194 (62.6)  
Socioeconomic status:    0.391 
Middle  102 (36.6) 125 (40.0)   
High  177 (63.4) 186 (60.0)  
Continuous variables      [ᵃ] Median (IQR) Median (IQR) p 
Age (years)                        [17] 15.0 (3.0) 14.0 (3.0) 0.24 
Number of cars  4.0 (2.0) 4.0 (2.0) 0.019* 
Number of domestic staff  2.0 (1.0) 2.0 (1.0) 0.949 
Number of bedrooms  6.0 (2.0) 6.0 (2.0) 0.818 
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5.4.2  Self-reported and accelerometer based  physical activity 
Table 5.2 presents levels of PA (self-reported and accelerometer data) by gender. Around 
nine percent of the total sample reported walking to and from school, 17.9% of whom were 
boys and only 0.6% girls. Overall, more girls than boys reported running or playing during 
the first and school break, at 1.6% and 0.7% respectively. While 27.3% of boys participated 
in sports on more than three occasions on weekdays, 8.7% of girls did the same.  
 
Gender differences were noted in all sports participation, with the exception of cycling, 
martial arts, volleyball and swimming. More girls than boys reported dancing during the 
previous week, at 38.7% and 7.2% respectively. This applies also to walking fast, with 51.0% 
of girls versus 25.4% of boys reporting having done so in the previous week. However, 
68.8% of boys versus 22.3% of girls reported playing football in the previous week. The 
median of daily minutes of self-reported MVPA was 17.1 for girls and 21.4 for boys; no 
gender differences were noted.  
 
Gender differences were evident for all accelerometer based PA outcomes. The median 
of daily minutes spent in moderate PA was 16.7 for boys versus 8.2 for girls (p value 0.001). 
The median daily minutes of accelerometer based MVPA was 19.0 for boys versus 8.8 for 
girls. For self-reported MVPA, gender differences were noted in terms of meeting the daily 
recommendations of MVPA of at least 60 minutes, more girls than boys reported meeting the 
recommendations, at 17.1% versus 10.0% respectively. For accelerometer based MVPA, 
more boys than girls accumulated the daily MVPA recommendations at 4.7% versus 1.3% 
respectively.  
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1 0Table 5.2 Descriptive statistics of self-reported and accelerometer based physical 
activity by gender (n= 589) 
Physical activity measure [ᵃ] Males n  (%) Females n (%) p 
Self-reported physical activity 
School transport: 0.001* 
Walking to and from school  50 (17.9) 2 (0.6)  
Car, bus or other   229 (82.1) 308 (99.4)  
School break activity during first 
and second break: 
[1]   0.001* 
Running and playing   2 (0.7) 5 (1.6)  
Sit and talk  91 (32.6) 62 (20.0)  
Stand or walk  186 (66.7) 242 (78.4)  
After school sport participation 
on weekdays: 
[2]   0.001* 
Do not participate  39 (14.0) 92 (29.8)  
Once a week  43 (15.5) 55 (17.8)  
Twice a week  73 (26.3) 111 (35.9)  
Three times a week  47 (16.9) 24 (7.8)  
More than three times a week  76 (27.3) 27 (8.7)  
Weekend sport participation: [6]   0.001* 
Do not participate  84 (30.5) 174 (56.5)   
Once a week  104 (37.8) 70 (22.7)  
Twice a week  87 (31.6) 64 (20.8)  
Basketball during previous weekᵉ  47 (15.2) 29 (10.4) 0.11 
Running during previous weekᵉ  69 (24.7) 124 (40.4) 0.001* 
Cycling during previous weekᵉ  33 (10.6) 29 (10.4) 0.92 
Dancing during previous weekᵉ  20 (7.2) 120 (38.7) 0.001* 
Football during previous weekᵉ  192 (68.8) 69 (22.3) 0.001* 
Gymnastics during previous weekᵉ  10 (3.6) 44 (14.2) 0.001* 
Martial arts during previous weekᵉ  34 (12.2) 24 (7.7) 0.07 
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Tennis during previous weekᵉ  5 (1.8) 25 (8.1) 0.001* 
Swimming during previous weekᵉ  55 (19.7) 57 (18.4) 0.68 
Volleyball during previous weekᵉ  36 (12.9) 46 (14.8) 0.49 
Walking fast during previous 
weekᵉ 
 71 (25.4) 158 (51.0) 0.001* 
Other sports during previous weekᵉ  50 (17.9) 57 (18.4) 0.88 
Meeting daily moderate-to-vigorous 
physical activity minutes 
recommendation of ≥60 minutes 
 28 (10.0) 53 (17.1) 0.01* 
Self-reported physical activity [ᵃ] Median (IQR) Median (IQR) p 
Moderate-to-vigorous physical 
activity minutes for previous week 
minutes/day 
 21.4 (25.7) 17.1 (27.5) 0.06 
Active video games hours/day e.g. 
Wii 
 0.0 (1.5) 0.0 (1.5) 0.18 
Accelerometer based physical 
activity 
[ᵃ] Median (IQR) Median (IQR) p 
Light PA minutes/day [121] 290.2 (121.0) 262.5 (95.0) 0.001* 
Moderate PA minutes/day [121] 16.7 (16.5) 8.2 (9.5) 0.001* 
Vigorous PA minutes/day [121] 2.0 (4.5) 0.7 (1.8) 0.001* 
Moderate-to-vigorous physical 
activity minutes/day 
[121] 19.0 (20.0) 8.8 (10.9) 0.001* 
Accelerometer based physical 
activity 
 n (%) n (%) p 
Meeting daily moderate-to-vigorous 
physical activity recommendation of 
≥60 minutes 
[121] 10 (4.7) 3 (1.2) 0.02* 
[ᵃ] value represents number of participants with missing data for given variable (%) percentage within gender *Significant 
gender difference at p <0.05 assessed by Chi-square for categorical, and by Mann-Whitney U test for continuous variables 
MVPA†: Moderate-to-vigorous physical activity ᵉData only for participants who reported participating in these activities 
IQR: Inter-quartile range 
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Table 5.3 presents the descriptive statistics of self-reported and accelerometer based 
PA by parental education. For self-reported PA, participants who had one parent with 
university or higher education participated in gymnastics  more than did participants whose 
both parents had a university or higher education (15.6% and 6.9% respectively; p= 0.003). 
No significant differences were noted between the two parental education classes and other 
self-reported variables.  
 
Regarding accelerometer based PA, participants whose parents achieved a secondary 
or lower education accumulated fewer minutes in moderate PA than did participants whose 
parents achieved a university or higher education (median minutes 13.1 versus 14.0 
respectively). A similar finding was noted for accelerometer based daily MVPA. Participants 
in the lower parental education class accumulated less than participants in the higher parental 
education class (median minutes 11.0 versus 12.3 respectively). No significant differences 
were noted between the two education classes and self-reported or accelerometer based 
MVPA in terms of meeting the daily recommendations of MVPA of at least 60 minutes.  
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1 0Table 5.3 Descriptive statistics of self-reported and accelerometer based physical 
activity by parental education (n= 589) 
Physical activity measure [ᵃ] Parents with 
secondary or 
lower education 
n  (%) 
Parents with 
university or 
higher education 
n (%) 
p 
Self-reported physical activity 
School transport: 0.79 
Walking to and from school  16 (10.6) 26 (9.0)  
Car, bus or other  161 (89.4) 264 (91.0)  
School break activity during first and 
second break: 
   
Run and play  0 (0.0) 2 (0.7) 0.59 
Sit and talk   55 (30.6)  79 (27.2)  
Stand and walk  125 (69.4) 209 (72.1)  
After school participation in sport on 
weekdays: 
[2]  0.47 
Do not participate  47 (26.1) 60 (20.8)  
Once a week  32 (17.8) 49 (17.0)  
Twice a week  53 (29.4) 90 (31.2)  
Three times a week  15 (8.3) 37 (12.8)  
More than three times a week  33 (18.3) 52 (18.1)  
Weekend sport participation: [6]  0.84 
Do not participate  60 (44.4) 125 (43.7)  
Once a week  50 (28.9) 78 (27.3)  
Twice a week  48 (26.7) 83 (29.0)  
Basketball during previous weekᵉ  17 (9.4) 40 (13.8) 0.16 
Running during previous weekᵉ  55 (30.6) 103 (35.5) 0.26 
Cycling during previous weekᵉ  17 (9.4) 28 (9.7)  0.94 
Dancing during previous weekᵉ  48 (26.7) 65 (22.4) 0.29 
139 
 
Football during previous weekᵉ  70 (38.9) 136 (46.9) 0.08 
Gymnastics during previous weekᵉ  28 (15.6) 20 (6.9)  
0.003* 
Martial arts during previous weekᵉ  20 (11.1) 31 (10.7) 0.88 
Tennis during previous weekᵉ  4 (2.2) 13 (4.5) 0.20 
Swimming during previous weekᵉ  30 (16.7) 56 (19.3) 0.47 
Volleyball during previous weekᵉ  20 (11.1) 39 (13.4) 0.43 
Walking fast during previous weekᵉ  64 (35.6) 110 (37.9) 0.60 
Other sports during previous weekᵉ  35 (19.4) 46 (13.9) 0.31 
Meeting daily moderate-to- vigorous 
physical activity recommendation of 
≥60 minutes 
 19 (10.6) 42 (14.5) 0.21 
Self-reported physical activity [ᵃ] Median (IQR) Median (IQR) p 
Moderate-to-vigorous physical activity 
minutes for previous week minutes/day 
 17.1 (21.4) 17.1 (26.4)  
Active video games hours/day e.g.Wii  0.0 (1.5) 0.0 (1.5)  
Accelerometer based physical 
activity 
[ᵃ] Median (IQR) Median (IQR) p 
Light physical activity minutes/day [121] 259.2 (118.6) 280.0 (104.6)   0.08 
Moderate physical activity minutes/day [121] 11.0 (13.3) 12.2 (13.2) 0.04* 
Vigorous physical activity minutes/day [121] 1.0 (2.8) 1.0 (3.0)  0.06 
Moderate-to-vigorous physical activity 
minutes/day 
[121] 13.1 (16.1) 14.0 (16.4)    
0.01* 
Accelerometer based physical 
activity 
[ᵃ] n (%) n (%) p 
Meeting daily moderate-to- vigorous 
physical activity minutes 
recommendation of ≥60 minutes 
[121] 5 (3.4) 7 (3.0) 0.84 
[ᵃ] value represents number of participants with missing data for given variable (%) percentage within parental education 
IQR: Inter-quartile range *Significant difference between parental education at p <0.05 assessed by Chi-square for 
categorical, and by Mann-Whitney U test for continuous variables  ᵉData only for participants who reported participating in 
these activities  
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 5.4.3 Socio-demographic correlates of physical activity 
Table 4 presents the correlations between the sample’s socio-demographic variables 
and accelerometer based PA by gender. With the exception of weight which was weakly 
associated with accelerometer based MVPA (r=0.15), there were no statistically significant 
correlations between the socio-demographic variables and the accelerometer based MVPA 
scores.  
 
 
1 0Table 5.4 Bivariate correlations between accelerometer based moderate-to-vigorous 
physical activity and socio-demographic variables by gender 
 Male 
(n=279) 
Female 
(n= 310)  
 Accelerometer based moderate-to-vigorous 
physical activity† 
r 
Age 0.08 -0.05 
Grade 0.09 -0.02 
Governorate (0.16)ᵃ (0.97)ᵃ 
Father’s education 0.04 0.11 
Mother’s education 0.09 0.05 
Number of cars -0.02 0.05 
Number of domestic staff -0.01 0.11 
Bedroom sharing (0.48)ᵉ (0.39)ᵉ 
Number of rooms -0.04 0.10 
Home ownership (0.08)ᵉ (0.44)ᵉ 
†Correlation for participants with 1 valid day accelerometry data *Correlation is significant at the 0.05 level (2-tailed) 
**Correlation is significant at the 0.01 level (2-tailed) ᵃp-value for Kruskal-Wallis ᵉp-value for Mann-Whitney U test  
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Table 5.5 presents multivariable-adjusted associations between socio-demographic 
factors and accelerometer based moderate-to-vigorous physical activity in boys. Among 
boys, none of the socio-demographic variables were associated with accelerometer based 
MVPA.   
 
 
1 0Table 5.5 Multivariable-adjusted associations between socio-demographic factors 
and accelerometer based moderate-to-vigorous physical activity in boys 
 Accelerometer based moderate-to-vigorous physical 
activity † 
Socio-demographic 
variables 
Beta coefficient 
(95% CI) 
Age, years 0.02 (-0.02 to 0.05) 
Parental education -0.01 (-0.17 to 0.16) 
Socioeconomic scale 0.01 (-0.03 to 0.06) 
 R²           0.01 
 Adj R²    0.01 
 Model significance: 
F= 0.42 
p value= 0.73 
†Linear regression for participants with 1 valid day accelerometry data; Model was also adjusted for average accelerometer 
wear time on valid days *p-value <0.05 
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Results of multivariable-adjusted associations between socio-demographic factors 
and accelerometer based moderate-to-vigorous physical activity in girls are shown in Table 
5.6. Age was inversely associated with MVPA minutes per day among girls. With the 
exception of age, the socio-demographic variables were not associated with accelerometer 
based MVPA among girls.   
 
 
1 0Table 5. 6 Multivariable-adjusted associations between socio-demographic factors 
and accelerometer based moderate-to-vigorous physical activity in girls 
 Accelerometer based moderate-to-vigorous physical 
activity † 
Socio-demographic 
variables 
Beta coefficient 
(95% CI) 
Age, years -0.19 (-0.05 to 0.01) 
Parental education 0.02 (-0.12 to 0.17) 
Socioeconomic scale 0.02 (-0.02 to 0.06) 
 R²             0.01 
 Adj R²      0.00 
 Model significance: 
F =0.10 
p value =0.40 
†Linear regression for participants with 1 valid day accelerometry data; Model was also adjusted for average accelerometer 
wear time on valid days *p-value <0.05 
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5.4.4 Self-reported and accelerometer based sedentary behaviour  
Table 5.7 presents the descriptive statistics of self-reported and accelerometer based 
SB by gender. Gender differences were noted for all self-reported and accelerometer based 
SB with the exception of personal computer use. More girls than boys reported car or bus 
transport to and from school: 90.4% of girls travelled by car (versus 81.0% boys). 32.6% 
more boys than girls (20.0%) sat and read in the first and second school break.  
 
Median daily hours of total self-reported SB was 7.5 for boys and 9 for girls. Viewing 
TV was higher among girls, as well; the median daily time was 2.5 hours for girls and 1.5 for 
boys. Similar to this was the median daily time spent on homework: 1.5 for boys and 2.5 for 
girls. In terms of SB guidelines, more girls than boys did not meet the guidelines of less than 
two hours TV viewing per day at 52.9% and 27.6% respectively. This was also true for total 
screen time (computer use, social networks, etc) per day, girls more than boys did not meet 
the guidelines of less than two hours per day at 97.0% versus 90.9% respectively.  
 
The accelerometer based outcome for SB was higher for girls; the median daily time 
was 9.4 hours for girls and 8.3 for boys. This is also true for sedentary bouts lasting for ten 
minutes measured by the accelerometer. The median time was 5.8 minutes for girls and 4.7 
for boys.  
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1 0Table 5.7 Descriptive statistics of self-reported and accelerometer based sedentary 
behaviour by gender (n=589) 
Sedentary behaviour measure [ᵃ] Males 
n  (%) 
Females 
n (%) 
p 
Self-reported sedentary behaviour 
School transport 0.01* 
Transport by car or bus   226 (81.0) 308 (99.4)  
Walking  or other  53 (19.0) 2 (0.6)  
School break activity during first and 
second break: 
[1]   0.001* 
Sit, talk, read during first and second school 
break 
 91 (32.6) 62 (20.0)  
Walk, stand, run or play  188 (67.4) 248 (80.0)  
Not meeting sedentary behaviour guidelines 
of ≤2 hours/day TV time 
 77 (27.6) 164 (52.9) 0.001* 
Not meeting sedentary behaviour guidelines 
of ≤2 hours/day TV and screen time  
[10] 249 (90.9) 296 (97.0) 0.001* 
Self-reported sedentary behaviour [ᵃ] Median (IQR) Median (IQR) p 
Total daily sedentary behaviour  (hours/ day) [16] 7.5 (3.38) 9.0 (4.0) 0.001* 
TV viewing (hours/day)  1.5 (1.0) 2.5 (1.5) 0.001* 
Playing non-active video games, e.g.PlayStation 
(hours/day) 
 1.5 (2.5) 0.0 (1.5) 0.001* 
Using computer (hours/day) [6] 0.0 (1.5) 1.5 (1.5) 0.004* 
Using social networks (hours/day) [5] 1.5 (1.0) 1.5 (2.0) 0.16 
Doing homework (hours/day) [1] 1.5 (0.0) 2.5 (1.5) 0.001* 
Reading for leisure [4] 0.0 (0.0) 0.0 (1.5) 0.001* 
Accelerometer based sedentary behaviour [ᵃ] Median (IQR) Median (IQR) p 
Sedentary  hours/day [121] 8.4 (2.2) 9.5 (2.3) 0.001* 
[ᵃ] value represents number of participants with missing data for given (%) percentage within gender *Significant gender 
difference at p <0.05 assessed  by Chi-square for categorical, and by Mann-Whitney U test for continuous variables IQR: 
Inter-quartile range  
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Table 5.8 presents descriptive statistics of self-reported and accelerometer based SB 
by parental education. Total self-reported SB time was slightly greater among participants 
whose parents had achieved a secondary or lower education than participants whose parents 
achieved a university or higher education; the median self-reported total daily SB was 8.5 
versus 8.0 hour per day respectively.  
 
The self-reported TV time also differed between the parental education classes, the 
median self-reported TV time for participants whose parents had achieved a secondary or 
lower education was 2.5 hours per day versus 1.5 hours per day participants whose parents 
achieved a university or higher education. No other self-report and accelerometer based SB 
statistically significant differences were noted between the parental education classes.   
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1 0Table 5.8 Descriptive statistics of self-report and accelerometer based sedentary 
behaviour by parental education (n=589) 
Sedentary behaviour measure [ᵃ] Parents with 
secondary or lower 
education 
n  (%) 
Parents with 
university or 
higher education 
n (%) 
p 
Self-reported sedentary behaviour 
School transport 0.79 
Transport by car or bus to and 
from school 
 160 (88.9) 263 (90.7)  
Walking  or other  20 (11.1) 27 (9.3)  
School break activity during first and second break:   0.41 
Sit, talk, read   55 (30.6) 79 (27.2)  
Walk, stand, run or play  125 (69.4) 211 (72.8)  
Self-reported sedentary 
behaviour 
[ᵃ] Median (IQR) Median (IQR) p 
Total daily sedentary behaviour  
(hours/ day) 
[16] 8.5 (3.5) 8.0 (3.5) 0.02* 
TV viewing (hours/day)  2.5 (1.0) 1.5 (1.0) 0.01* 
Playing non-active video games, 
e.g. PlayStation (hours/day) 
 1.0 (1.5) 0.0 (1.5) 0.32 
Using computer (hours/day) [6] 1.5 (1.5) 1.5 (1.5) 0.71 
Using social networks (hours/day) [5] 1.5 (1.0) 1.5 (1.5) 0.89 
Doing homework (hours/day) [1] 1.5 (1.0) 1.5 (1.0) 0.99 
Reading for leisure [4] 0.0 (1.5) 0.0 (1.5) 0.13 
Accelerometer based sedentary 
behaviour 
[ᵃ] Median (IQR) Median (IQR) p 
Sedentary  minutes/day [121] 8.9 (2.5) 8.9 (2.5) 0.81 
 [ᵃ] value represents number of participants with missing data for given variable  (%) percentage within parental 
education*Significant difference between socioeconomic status at p <0.05 assessed  by Chi-square for categorical, and by 
Mann-Whitney U test for continuous variables IQR: Inter-quartile range 
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5.4.5 Socio-demographic correlates of sedentary behaviour  
Table 5.9 presents the bivariate correlations between several socio-demographic 
variables and accelerometer based SB outcomes and by gender. For boys, age (r=0.12), grade 
(r= 0.22) and number of domestic staff were positively associated with accelerometer based 
average daily minutes spent being sedentary. Among girls, only age and school grade were 
positively associated with the average daily time spent being sedentary.  
 
 
1 0Table 5.9 Bivariate correlations between and accelerometer based sedentary 
behaviour and socio-demographic variables by gender 
 Male 
(n=279) 
Females 
(n= 310)  
 Accelerometer based sedentary behaviour† 
r 
Age 0.12** 0.14* 
Grade 0.22** 0.18** 
Governorate (0.69)ᵃ (0.23)ᵃ 
Father’s education 0.03 -0.07 
Mother’s education -0.01 -0.06 
Number of cars 0.04 -0.01 
Number of domestic staff 0.14* -0.10 
Bedroom sharing (0.24)ᵉ (0.62)ᵉ 
Number of rooms 0.03 -0.09 
Home ownership (0.93)ᵉ (0.72)ᵉ 
*Correlation is significant at the 0.05 level (2-tailed) **Correlation is significant at the 0.01 level (2-tailed) ᵃp-value for 
Kruskal-Wallis test ᵇBMI: Body Mass Index †Correlation for participants with 1 valid day accelerometry data ᵈBMI 
categorized into normal weight, overweight and obese (42)  ᵉp-value for Mann-Whitney U test 
  
148 
 
Table 5.10 presents multivariable-adjusted associations between socio-demographic 
factors and accelerometer based SB in boys. Age had a significant (p value <0.05) positive 
association with accelerometer based SB in boys.   
 
 
1 0Table 5.10 Multivariable-adjusted associations between socio-demographic factors 
and accelerometer based sedentary behaviour in boys 
 Accelerometer based sedentary behaviour † 
Socio-demographic 
variables 
Beta coefficient 
(95% CI) 
Age, years 14.45 (6.01 to 22.89)* 
Parental education -0.97 (-11.37 to 9.43) 
Socioeconomic scale -4.81 (-14.74 to 5.12) 
 R²           0.26 
 Adj R²    0.22 
 Model significance : 
F= 7.80 
P value <0.001 
†Linear regression for participants with 1 valid day accelerometry data; Model was also adjusted for average accelerometer 
wear time on valid days *p-value <0.05 
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Results of multivariable-adjusted associations between socio-demographic factors 
and accelerometer based SB in girls are shown in Table 5.11. For accelerometer based SB, 
the model was significantly associated with minutes of SB per day. Age had a significant (p 
value <0.05) positive association with accelerometer based SB minutes per day. 
 
 
1 0Table 5.11 Multivariable-adjusted associations between socio-demographic factors 
and accelerometer based sedentary behaviour in girls 
 Accelerometer based sedentary behaviour † 
Socio-demographic variables Beta coefficient 
(95% CI) 
Age, years 8.14 (1.13 to 14.96)* 
Parental education 7.33 (-0.99 to 15.65) 
Socioeconomic scale -8.91 (-17.88 to 0.05) 
 R²           0.30 
 Adj R²    0.27 
 Model significance: 
F = 11.47 
p value < 0.001 
†Linear regression for participants with 1 valid day accelerometry data; Model was also adjusted for average accelerometer 
wear time on valid days *p-value <0.05 
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5.5 Discussion 
5.5.1 Self report and accelerometer based physical activity levels 
This study found that 13.8% of adolescents met the PA recommendations (using self-
report) set by international organizations (31). The percentage of adolescents that met PA 
recommendations were much lower using objective data (2.2% accelerometer based). There 
were gender differences in terms of meeting the daily PA recommendations of at least 60 
minutes of MVPA every day. More girls than boys reported meeting the daily 
recommendations at 17.1% and 10.0% respectively. With regards to girls being more likely 
than boys to meet the PA guidelines, findings in this are inconsistent with other studies 
findings. The Global School Health Survey conducted in Kuwait in 2011 reported that 15.4% of 
adolescents aged 13-15 years met the PA recommendations, however more boys than girls 
reported meeting the recommendations (24). A possible explanation for the discrepancy 
between this study and the WHO survey is that the study used different questions to assess 
PA. The study asked participants if they were physically active for at least 60 minutes on all 
days the past week without specifying frequency or duration of activity (24). A Saudi 
Arabian study that reported 43.5% of boys and 12.9% of girls met the daily MVPA 
recommendations (88), the study did not specify the questions used assess MVPA among 
adolescents.  
This study found that girls were more likely to over-report PA than boys. This finding 
is consistent to some extent with previous research. A study conducted in the Netherlands to 
assess disagreement in PA by means of self-report and an objective measure (accelerometer) 
in subgroups of age, gender, education and weight status suggested that the disagreement 
with respect to PA was greatest for higher educated adolescents girls (190). A possible 
explanation was that higher educated adolescents girls self-reported more socially desirable 
answers and reported that they were involved in more moderate intensity active ties than their 
peers (190). Research conducted in the USA to assess social desirability bias in self-reported 
PA, dietary and weight concerns among African-American youth, suggested that self-
reported PA levels were subject to response bias as a result of social desirability (191). The 
bias was established as a significant overestimation of self-reported activity compared to the 
criterion of accelerometer counts among African-American girls (191). Since social and 
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parental influences are known to affect PA perceptions and behaviors in children and 
adolescents, it is plausible that such influences may be related to intentional or unintentional 
bias in self-reporting (192). In particular, girls may respond to parental or other perceived 
social demands by offering responses they perceive as socially desirable, therefore, more 
frequently endorsing physically active behaviors. This may very well be a possible 
explanation for findings in the present study, however, further exploration is warranted to 
determine why Kuwaiti girls over-report their PA levels compared to boys.  
This study found significant gender differences in most aspects of self-report and 
accelerometer based PA. Around nine percent of participants reported active school 
transport, which is lower compared to findings from other studies (193-195). The significant 
gender difference in active school transport was similar to the findings in the first Global 
School Health Survey conducted in Kuwait by the Ministry of Health for the academic year 
2010-2011(24). The survey reported that 85.7% of girls had not walked to school in the past 
week, compared with 55.3% of boys. Several studies reported similar results in terms of 
gender differences in active school transport (194, 196) while other studies found no gender 
difference with regard to active school transport.  
 
Studies carried out in England (193), Denmark (194)and the United States (195) 
reported higher participation in active transport. It is noteworthy that the above studies asked 
different questions about school transport. Therefore, comparisons cannot be made 
meaningfully; for example, the Health Survey for England (193) asked about participation in 
active school transport on at least one day in the past week and reported that approximately 
65% of 11-15 year olds walked to and from school on at least one day the previous week 
(193). In this study, active transport was assessed by asking what the usual method was for 
commuting to school. In this study more adolescent boys than girls reported walking to and 
from school (17.9% versus 0.6% respectively). Although, previous studies have suggested 
that active school transport can contribute to young people’s overall PA levels (197), the 
findings in this study indicate that a very low proportion of adolescents actively commute to 
school.  
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Gender differences were also noted in this study in terms of after school sports 
participation and in the different sports activities. More adolescent girls than boys reported 
participation in activities such as running (40.4% versus 24.7% for boys), walking fast 
(51.0% versus 25.4% for boys), dance, gymnastics and tennis; the boys mostly reported 
engaging in football. This is contrary to findings in other studies which suggest higher sports 
participation among boys (193, 194, 198), walking fast being the exception reported as being 
higher among girls (which resembles the findings in the present study). A possible 
explanation for the difference between the findings in this study and in  others is that the high 
scores for girls could be caused by over-reporting. A common disadvantage of all self-report 
methods is that they are subject to social desirability bias and failure to recall time or the 
rounding up of time (136).  
 
  No gender differences were noted for self-reported daily MVPA, unlike several other 
self-reported PA studies which have found gender differences (199). A self-reported PA 
study carried out in ten European cities reported significant gender differences in all the self-
reported PA domains (199). Boys reported more PA in school-based PA (240 versus 180 
minutes per week), leisure-based PA (380 versus 280 minutes per week), vigorous PA (190 
versus 60 minutes per week) and total PA than girls (199). No gender differences were noted 
for playing active video games, a finding which is similar to the findings in other studies. A 
study examining the prevalence of active and non-active video gaming among Dutch 
adolescents found no gender differences in playing active video games (143).  
 
A nationally representative study among U.S. adolescents found that less than 20%  
reported meeting the aerobic PA guidelines, boys being more active than girls (200). 
Participants were asked to report the frequency and average duration of moderate intensity 
PA by recalling activities (such as brisk walking, golf or dancing) in the past 30 days. The 
US study administered the PA questionnaire via face-to-face interviews and provided 
opportunities for follow up or clarification which may have increased recall of activities. The 
discrepancy between findings in this study and other studies may be due difference in 
questions used to assess MVPA. The challenges and limitations that self report methods pose 
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in determining the MVPA, differences in measurement methodologies and sample 
characteristics may explain discrepancies in MVPA findings.  
 
In terms of accelerometer based PA outcomes, gender differences were noted in all 
the measured PA outcomes, with the exception of vigorous activity. Boys accumulated more 
minutes in the intensity of each PA activity. Among the intensity distributions, adolescents’ 
waking hours were dominated by light intensity PA, the median being 271.5 minutes per day 
for the total sample. Boys accumulated more minutes in light (median 290 minutes per day), 
moderate (median 16.7 minutes per day) and MVPA (median 19 minutes per day). With the 
exception of light intensity activity, girls accumulated approximately half the time that boys 
did in each level of intense activity. Among girls, the time spent in each intensity of their 
activity was as follows:  medians for light, moderate and MVPA activity were 262.5, 8.2 and 
8.8 minutes per day, respectively.  
 
As this is the first study in the Middle East to assess PA objectively, comparisons of 
the average time spent in PAs of different intensities will be made with previous studies 
(carried out predominantly in Western countries) which used similar objective methods to 
measure PA. In terms of adolescents accumulating PA minutes predominantly in light 
intensity activity. The findings in the present study are similar to those in a recent study 
conducted in the UK to assess the levels, patterns, volumes and intensity distribution of 
objectively measured PA (201). However, while participants in this study accumulated a 
median of 271.5 minutes per day of activity, the UK study reported that adolescents spent a 
mean of 571 minutes per day (201), almost 50% more than Kuwaiti adolescents spent. As 
well as the important methodological differences between the studies (such as monitor type, 
season of monitoring placement and data reduction), another explanation may be that there 
are true differences in PA levels due to variation in sample characteristics (such as 
geographic location, climate differences, culture differences and different fitness levels) 
(201). At present, the acquired health benefits from light PA are mostly unknown; therefore, 
additional research surrounding this intensity is warranted, given the high prevalence of this 
exposure in both adolescent girls and boys. 
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The acquired health benefits of MVPA are well established (3, 99): this study found 
that adolescent boys spent 17 and 19 minutes per day in activity of moderate to vigorous or  
moderate intensity respectively. Girls spent less than half the amount of time in activity of 
moderate or MVPA intensity (8 and 9 minutes respectively). For boys, the estimated self-
reported MVPA was very similar to the accelerometer based MVPA measure at 21 (versus 
19) minutes per day. However, girls reported spending 17 minutes per day doing MVPA, 
almost double the accelerometer based measure of MVPA, which was nine minutes per day. 
 
Gender differences were seen in the time spent in activity of vigorous intensity (albeit 
minimal difference), the median of which was two minute per day for boys versus 0.7 
minutes for girls. The gender difference noted in this study is similar to that in two UK 
studies assessing the patterns and levels of objectively measured PA in adolescents (193, 
201). However, the HSE study reported that boys aged 12-15 years (nationally 
representative) spent 52 minutes per day engaging in MVPA, while girls spent 28 minutes 
per day on it (193).  The UK ROOTS study found that their data were very similar to HSE; 
boys spent 58.4 minutes while girls spent 32 minutes per day in MVPA (201).   
 
Methodological differences between the studies may be a possible explanation for the 
discrepancies seen in the volume of moderate, vigorous and MVPA reported in these studies. 
More importantly, these discrepancies are more likely to be explained by the differences 
pertaining to the characteristics of the samples.   
 
In terms of meeting the daily recommended MVPA guidelines (31), according to 
accelerometer based MVPA, this study found that 2.2% of the adolescents met the PA 
recommendations. More boys than girls engaged in MVPA, at 4.7% versus 1.2% 
respectively. In terms of gender differences findings in this study are similar to other studies 
(127, 202), however with regards to the proportion of adolescents meeting the daily PA 
recommendations, findings in this study are lower than other studies that utilized objective 
methods to assess PA. A study conducted in Spain to assess accelerometer based MVPA 
among 13-16 year old adolescents found that overall, 71% of adolescents met the PA 
recommendations, boys more than girls at 82% and 61% respectively (203). A study in 
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France to assess levels of PA among 12-13 year old children found that 44% of children met 
the daily PA guidelines, boys more than girls at 60% versus 31% respectively (204).  
 
A likely explanation for discrepancies between findings in this study and other studies 
may be a result of actual difference in levels of PA among adolescents in Kuwait compared 
to other Western countries. On the other hand, differences may be a result of discrepancies in 
measurement methodologies, sample characteristics and the utilization of different cut-off 
points to determine MVPA. A recent systematic review to assess PA levels objectively by 
accelerometry among children and adolescents in Europe suggested that depending on the cut 
points used (to determine MVPA), between 4% and 100% of adolescents were found to 
achieve the PA recommendations (205). If the three METs cpm equivalent from Freedson et 
al (206). were used, at least four in ten adolescents (ranging from 44% to 66% ) complied 
with the PA guidelines (205). When the MVPA cut point of approximately 2000 cpm was 
used, this proportion was in the range of 20% to 71%, and the proportion was less than 10% 
(ranging from four to nine percent) if the cut-off point used was less than 3000 cpm (205). 
This study used the cut point of more than or equal to 2296 to determine MVPA, which may 
have affected the proportion of adolescents meeting the daily PA recommendations. 
Nonetheless, the proportion of adolescents that met the PA guidelines are lower than what 
other studies using accelerometry have found (205).  
 
  When self-reported PA was described in relation to SES class (assessed by parental 
education), no differences were noted between the groups, with the exception of gymnastics, 
in which more participants from the low parental education class participated. This is similar 
to a study conducted in the Middle East (Iran) to examine correlates of PA among 
adolescents, which reported no differences in self-reported PA among the high and low SES 
(97). Other studies in the Middle East mostly examined gender differences in relation to PA 
(98, 186, 207). These findings are somewhat different to findings from other studies. A 
recent systematic review of systematic studies which suggest that SES status (assessed by 
parental education) was consistently associated with PA among adolescents and that 
adolescents from a higher SES status were more physically active (93). The modest 
discrepancy between the higher and lower parental education classes reported is perhaps due 
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to the fact that Kuwait is an affluent country, which ensures free education, housing, health 
and various other social privileges for all its citizens (177). Government policy on education 
yields a literacy of 90% (74). As a result most Kuwaitis have more or less the same SES 
which may hinder prospects of detecting health related disparities among subgroups of the 
population. Nonetheless this is the first study to examine differences in levels of PA by 
parental education as an indicator for social position among adolescents; the findings in this 
study are supported by what other studies have suggested (93).  
 
5.5.2 Socio-demographic correlates of physical activity 
The second aim of this study was to assess the socio-demographic correlates of PA.  
A weak negative association was found between weight and accelerometer based PA (r= 
0.15). When multivariable-adjusted associations between socio-demographic factors and 
accelerometer based MVPA were applied, none of the socio-demographic variables were 
associated with accelerometer based MVPA among boys and girls. The findings in this study 
are inconsistent with previous studies examining the correlates of PA (93, 208). A recent 
systematic study of systematic reviews found 16 correlates which were consistently 
associated with PA (self-reported and objectively measured) (93). Among the identified 
correlates, age showed a negative correlation, as was found in the present study (93). Gender 
(boys), and SES had a positive correlation with PA (93) , which was not evident in this study 
after testing for multivariable-adjusted associations. Given that the proportion of adolescents 
that met daily PA recommendations was extremely low (2.2% accelerometer based MVPA), 
and no particular correlates were identified in multivariable analyses, an intervention 
program to promote PA should be targeted at all Kuwaiti adolescents.  
 
In addition, there is a need for studies which use homogeneous and validated 
measurement methods for PA assessment. This is the first study in the Middle East to have 
used multiple measures of PA, providing a more complete description of adolescents’ 
activity than that suggested by existing research (209). Population and individual 
interventions focusing on the correlates that can be influenced or modified are more likely to 
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bring about behaviour changes (210). This study did not examine the psychosocial and 
environmental correlates of adolescents PA.   
5.5.3 Self reported and accelerometer based sedentary behaviour  
With the exception of social network use, this study found gender differences in every 
self-reported and accelerometer based SB measure. More girls reported non-active school 
transport (by car or bus) than did boys. Studies which examined the correlates of active 
school transport also reported that girls are more likely to use motorized vehicles for school 
transport (194, 211). The self-reported total daily hours of SB was higher among girls than 
boys ( 9 versus 7.5 hours respectively); girls spent more time than boys watching TV (2.5 
versus 1.5 hours per day) and also reported spending more time using a personal computer 
(1.5 versus zero hours per day) and doing homework (2.5 versus 1.5 hours per day). Boys 
reported spending more time than girls playing non-active video games (1.5 versus zero 
hours per day). 
 
The self-reported total time devoted daily to SB and the habit among girls of spending 
more time watching TV, using a computer and doing homework found in this study are 
similar to what is reported in other studies in the Middle East. A study to assess self-reported 
PA, SB and dietary habits relative to age and gender among Saudi adolescents found that 
girls reported watching  TV for longer than boys did (mean= 3.6 versus 2.77 hours per day). 
The study also reported that girls spent more time using computers than boys did (mean= 3.2 
versus 2.67 hours per day). A possible explanation for the higher self-reported SB levels in 
the Saudi study than in the present one is that the Saudi study reported mean daily SB hours 
even though the SB data were non-normally distributed. As a result, the mean SB measure 
used in the latter study is likely to have been influenced by outliers and is not an appropriate 
measure of center.  
 
Furthermore, cross-sectional studies examining the levels of SB which have been 
conducted in the Western countries have reported somewhat different results. A study 
conducted in the US reported boys spent more time in SB than girls (212). The study 
assessed SB by asking about screen time alone; SB questions included time spent watching 
158 
 
TV, using a computer and playing video games (212). These findings are somewhat different 
from the ones in the present study, which found that, while boys spent more time playing 
non-active video games, girls watched TV and used the computer more than boys. In terms 
of boys playing non-active games, other studies conducted in Western countries report 
similar results to the findings in the present study (143). However, several other studies in 
Western countries report that boys spend more screen time than girls do (92, 212, 213). 
Variations in terms of geographical location and sample characteristics may be a possible 
explanation for the gender differences in relation to SB.  
 
This study found significant gender differences in terms of limiting TV viewing to 
less than two hours per day (214). More girls than boys reported watching TV for more than 
two hours per day at 52.9% and 27.6% respectively. Overall 41 percent of the sample 
reported TV viewing for more than 2 hours daily. The findings in this study is similar to 
findings in the GSHS study in Kuwait, which reported that 53% of adolescents aged 13-15 
years (girls more than boys) spent more than three hours per day in activities that involve 
‘sitting’ (24). Similarly, a study conducted in Iran reported that 60% of adolescents aged 12-
17 years reported more than three hours per day of TV viewing (86). Possible explanation for 
the discrepancy between findings in this study and other studies in the Middle East may be 
that the Kuwait GSHS study assessed SB by asking about time spent in activities that involve 
‘sitting’ (24), whereas this study inquired about specific SBs including time spent viewing 
TV. The study in Iran reported a higher proportion of adolescents viewing TV, a possible 
explanation may be that Kuwait has a higher economy compared to other countries in the 
region (74), therefore other means of screen time entertainment (smartphones, personal 
computer use, etc) may be readily accessible  for use (22). Unlike lower income countries in 
the region where adolescents tend to rely more on TV as a form of screen time entertainment.  
 
Studies to assess SB among youth conducted predominantly in Western countries 
reported boys more than girls watched TV at 1.5-3.7 and 1.4-3.0  hours per day (215-217). A 
possible explanation for the dissimilarity between findings in studies in the Middle East and 
studies in Western countries may be differences in cultural and sample characteristics. In the 
Middle East adolescent girls do not enjoy the freedom and liberties that adolescent boys 
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have. While it is acceptable for adolescent boys to partake in outdoor activities they deem fit,  
(for example, go to sports clubs or visit a friend’s house) adolescent girls in the Middle East 
are encouraged and expected to stay indoors, which may account for higher levels of TV 
viewing than boys.   
 
Studies have suggested limiting all forms of screen time (personal computer use, non-
active video games, etc) to less than two hours per day as a means to promote more caloric 
expenditure opportunities (176). This study found that overall 92.5% of the sample did not 
limit screen time to less than two hours per day. Girls more than boys reported more than two 
hours screen time at 97.0% versus  90.9% respectively. These findings are supported by other 
studies conducted in the Middle East (88). A study in Saudi Arabia to assess PA, SB and 
dietary habits among 14-19 year old adolescents reported that 91% of girls (and 84 percent of 
boys) reported screen time of more than two hours per day (88).  
 
Similar findings have been reported in studies to assess screen time among youth 
conducted primarily in Western countries. A US cross-sectional study for adolescents aged 
15-17 years reported that girls more than boys spent time in screen based and non-screen 
based activities at 8 and 7.6 hours per day respectively (218). Other European studies 
reported that boys reported more time than girls in screen based activities (219, 220). The 
gender discrepancy found between findings in studies in the Middle East and other studies 
may be a result of differences in cultural and sample characteristics. Regardless of the gender 
differences noted in this study, the majority of adolescents in the sample (92.5%) did not 
limit screen based SB to less than two hours per day. Previous studies have suggested that 
failure to adhere to PA and SB guidelines presents a three to four times greater risk of obesity 
(214). 
 
The accelerometer based SB outcomes confirm the self-reported findings in this 
study: gender differences were noted, with girls accumulating more time in SB than boys did 
(median 9.4 versus 8.3 hours per day). When compared to self-reported SB, girls and boys 
had somewhat similar scores (self-report: 9 versus 7.5 hours per day). These findings show 
that the various questions used to assess SB were appropriate to accurately quantify SB 
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among adolescents. The results in this study are supported by a literature review  examining 
SB in young people, which suggests that self-reported SB in screen-based and non-screen-
based SB ranged from 4.7 to 8.0 hours per day (22). In comparison, accelerometer measured 
SB ranged from 3.6 to 8.1 hours per day (22).  
 
This is the first study to assess SB in Kuwait by means of an accelerometer and 
therefore the results of the study are not comparable with other studies in the Middle East 
that primarily use self-reported measures. The results of the accelerometer based SB 
measures found in this study are somewhat similar to those in studies conducted mainly in 
Western countries. The Health Survey for England study conducted in a nationally 
representative sample of 12-15 year old children found that they spent 8.4 hours per day in 
SB (193). The Health Survey for England data are supported by a recent multi-centre 
European study, which reported that adolescents spent nine hours per day in SB (221). 
Research assessing the levels and patterns of objectively-measured SB among adolescents in 
the US reported that the sedentary time among older adolescents (16-19 years old) was 8 
hours per day (129). Even when the results from the present  study are compared with those 
in studies from very different geographical locations (and with methodological differences, 
e.g. in their classification of non-wear time), the findings in this study are consistent with 
theirs. These data support existing cross-sectional evidence that young people (adolescent 
girls in particular) spend much of their time in SB.   
 
The present study found gender differences between total daily self-reported SB and 
daily self-reported TV viewing in relation to parental education (an indicator of socio-
economic position). This study found that participants total daily self-reported SB time and 
daily TV viewing was greater among the lower parental education class than participants 
whose parents achieved a university or higher education; These findings are similar to the 
few studies that have examined SES and SB, that also suggested an inverse socio-economic 
gradient and SB indicators (TV and other screen time) (219, 222). Recent research using 
Health Survey for England data for children and adolescents (2-15 years old) Health Survey 
for England reported that participants in the highest socio-economic position category spent 
16 minutes per day less in watching TV than those participants in the lowest socio-economic 
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position (223). No accelerometer based SB statistically significant differences were noted 
between the parental education classes. These findings are somewhat different to a recent 
study that suggested that low socioeconomic position was linked to higher levels of self-
reported TV viewing but with lower levels of accelerometer based SB (223). These findings 
suggest that the relationship between SB and socio-economic position are rather complex and 
warrants further research.   
5.5.4 Socio-demographic correlates of sedentary behaviour  
Among boys, multivariable-adjusted associations between socio-demographic factors 
and accelerometer based SB revealed that accelerometer based SB age had a positive 
association with accelerometer based SB in boys.  
 
A US study to assess accelerometer based SB in a representative sample of US 
civilians reported that older adolescents (16-19 years old) were associated with accelerometer 
based SB (129). This supports the findings in the present study, where age had a positive 
association with accelerometer based SB. While the systematic review suggested that SES 
was inversely associated with SB (92), the present study  did not find an association SES and 
self-reported or accelerometer based SB. A possible explanation for this is the unique 
situation in Kuwait, where SES class is more or less uniform among Kuwaiti adolescents in 
governmental schools. This study did not include Kuwaiti adolescents studying in private 
schools, whom are more likely to belong to a high SES class. This may explain the lack of 
SES differences in relation to PA and SB noted in this study.    
5.5.5 Strengths, limitations and implications of the study 
The present study has several strengths, it is the first study in Kuwait and the Middle 
East to use both self-reporting and accelerometer based methods to assess the levels of PA 
and SB. In addition, it is the first study to report PA and SB in terms of parental education 
and to examine accelerometer based PA and SB figures with several socio-demographic 
variables. This study differs from other studies in the Middle East in terms of both 
methodology and critical findings. In addition to covering a wide age range, this study 
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provides a unique insight into the current levels of PA and SB among Kuwaiti adolescents. 
Furthermore, this study was dedicated in part to different SB indicators through various 
measures (both screen time based and non screen time based indicators). 
 
By assessing the socio-demographic associations with PA and SB, this study may 
help to steer PA promotion programmes to specific key target populations. However, at 
present the evidence from this study has revealed that the situation among Kuwaiti 
adolescents is alarming. Accelerometer based PA outcomes revealed that 2.2% of the 
adolescents in this sample met the MVPA guidelines (60 minutes of MVPA every day) set by 
many organization and governments, including Kuwait (31, 33). In addition, when compared 
to young people in the West, Kuwaiti adolescents have higher SB levels (193) and very few 
meet the current recommendations of limiting daily SB to less than two hours. The findings 
from this study indicate that an immediate action plan should be developed and implemented 
to promote PA and reduce SB, with particular emphasis on older adolescent Kuwaiti girls. 
  
At the same time, this study has several limitations. It did not include students from 
all the governorates of Kuwait, thereby limiting the representativeness of the study. For 
accelerometer based measures this study included only participants with at least one valid 
day of accelerometry data to maximize the use of the collected data. However, to get a better 
idea of children’s and adolescents’ PA and SB profiles, studies recommend including 
participants with at least four valid days of accelerometry data (224). As a result, the 
weekday and weekend PA and SB patterns were not differentiated, as suggested by previous 
studies (224). Moreover, the uniaxial accelerometer used may not differentiate between 
sitting and standing, thereby affecting SB outcomes. Although several variables as potential 
confounders for future analysis, may be adjusted for (e.g. age), pubertal development (a 
factor which influences physiological processes (225)) was not assessed.  
 
There are several methods of assessing PA and SB in young people, including self-
reporting and accelerometry; both these methods have sets of advantages and disadvantages. 
Self-reported PA and SB questionnaires are a simple method of assessing PA and SB; 
however, they are subject to several limitations, including recall bias which may be 
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intentional (aiding a social desirability bias) or accidental false recall in reporting different 
intensities of PA (174). Self-reporting questionnaires remain the only method available  of 
assessing the domain and type of PA (175). However, the validity of the specific types and 
domains of PA is difficult to assess in self-reported questionnaires, which tend to 
overestimate the intensity and duration of different types of sport (175).  With regard to SB, 
most self-reported questionnaires ask about screen time (TV viewing and PC use) as a way of 
assessing total SB (212, 226), which represents only one sedentary behaviour domain.   
Objective methods such as accelerometers have been used to assess PA and SB in 
young people. Accelerometers can measure the volume, pattern, intensity, frequency and 
duration of PA (175). Accelerometers have also been used to measure SB among children 
and adolescents (227). Previous studies suggest, however, that the correlation between any 
self-reporting method and an objective device is low to moderate at best (82).  
5.5.6 Conclusion 
Few adolescents met the PA and SB guidelines and recommendations set by most 
international agencies and local governments. The number of adolescents that met PA 
recommendations were much lower using accelerometer based data compared to self-
reported PA. This study found that more girls than boys spent time in each self-reported SB 
measure and according to accelerometer based SB outcome. Multivariable analyses revealed 
that age was positively associated with accelerometer based SB for both girls and boys. 
These findings highlight that there is no ideal method to assess PA or SB among children and 
adolescents. Moreover, discrepancies may arise when using different methods to assess PA 
and SB for the same individual.  
 
Finally, because this is the first study in the Middle East, to the best of my 
knowledge, that measured PA and SB with accelerometers, these data are preliminary and 
further studies are warranted to corroborate the current findings.  
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Chapter 6: Prevalence of adolescent overweight, obesity and the body fat 
percentage, waist circumference and blood pressure percentiles 
6.1 Introduction 
 
The prevalence of non-communicable diseases is increasing worldwide, the increase 
being much more rapid in developing countries (100, 228, 229). The WHO estimates that, by 
the year 2020, non-communicable disease will be responsible for three quarters of all deaths 
in the developing world (230). This should be acknowledged with great concern in the 
Middle East, which has undergone rapid socio-economic growth and speedy urbanization. 
Among the Middle Eastern countries affected by these changes is Kuwait, an affluent country 
where the gross national income per capita is currently ranked 13
th
 among world economies 
(231). Rapid economic development in Kuwait has resulted in shifts in nutritional and 
lifestyle behavioural patterns, which have in turn led to an increase in obesity rates and non-
communicable diseases (232, 233). From 1980 to 1993, the percentage of Kuwaiti 
individuals  (aged 18–29 years) who were overweight rose from 30.6% to 54.4% and the 
percentage of those who were obese increased from 12.8% to 24.6% (234). According to the 
Dasman Center for the Research and Treatment of Diabetes, 15% of Kuwait’s adult 
population has diabetes; 50% of people over the age of 45 live with the disease (235).  
 
Formerly confined mainly to adults, the obesity epidemic has now come to include 
the paediatric population worldwide (12, 236, 237). Adolescence, is the stage when obesity 
develops and may persist into adulthood (238). Childhood obesity often precedes insulin 
resistance and is a component of paediatric metabolic syndrome (239, 240). Defined as a 
pattern of metabolic disturbances, metabolic syndrome includes central obesity, 
hypertension, hyperglycemia, hypertriglyceridemia and low high density lipoprotein (240). If 
three of these five features are present in an adult, then they are considered to have metabolic 
syndrome which is an important predictor of type two diabetes and cardiovascular disease 
(240). For children however, no similar clear cut definition has yet been established hence, 
paediatric metabolic syndrome is not defined clearly (240). Studies have suggested that 
childhood obesity is the single factor persistently associated (in cross-sectional and 
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longitudinal studies) with the clustering of components of the metabolic syndrome and is as 
useful as metabolic syndrome in predicting the development of cardiovascular disease and 
type 2 diabetes during adulthood (241). Therefore, it is recommended that obese children in 
particular should be screened for the risk factors of cardiovascular disease (240).   
 
Gold standard methods (based on the four-compartment model) of assessing adiposity 
in children and adolescents are not feasible in large epidemiologic studies. Dual energy x-ray 
absorptiometry (DEXA), which has performed very well against the gold standard, is also not 
readily available or feasible (63). Furthermore, DEXA emits radiation (although in small 
amounts), which may discourage children from participating in studies (63). Identifying 
feasible alternative methods which are highly correlated with the gold standard measures is 
crucial to correctly assessing adiposity in children and adolescents. There are several 
methods of assessing adiposity in children and adolescents, which include BMI, bio-
impedance and waist circumference (41). Since the adiposity measures used in SHAAK 
measure different aspects of adiposity, collecting data using the three adiposity markers 
provides a more comprehensive adiposity profile for Kuwaiti adolescents. 
 
During the last few decades, the prevalence of high BP in children and adolescents has 
increased (242). The increased awareness of child and adolescent BP is partly due to easier 
detection and improved classification (243). Paediatric primary hypertension is present in one 
to five percent of children and adolescents of all age groups (244, 245). However, obesity-
related high BP is the most prevalent illness associated with childhood obesity (246). 
Identifying high BP in youth is crucial, as high BP during childhood is associated with 
elevated BP in adulthood (247, 248). 
 
Paediatric pre-hypertension is defined as the average systolic blood and/or diastolic BP 
of more than or equal to 120/80, or, more than or equal to the 90th percentile for gender, age 
and height on at least three occasions (249). Hypertension is defined as the average office 
systolic and/or diastolic BP of more than or equal to 125/85, or more than or equal to the 95
th
 
percentile for gender, age and height (249).  
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6.2 Objectives  
1. To estimate the prevalence of overweight and obesity among school age adolescents 
in Kuwait. 
2. To describe the distribution of percentage body fat among school age adolescents in 
Kuwait. 
3. To describe the distribution of waist circumference among school age adolescents in 
Kuwait  
4. To describe the distribution of high blood pressure among school age adolescents in 
Kuwait. 
6.3 Method 
6.3.1 Study design, participants and sampling procedure 
For information on the design, recruitment and sampling procedure, refer to the 
general methodology chapter (Chapter 3, section 3.1, page 72). 
6.3.2 Data collection 
For detailed information on data collection, refer to the general methodology chapter 
(Chapter 3, section 3.3, pages 78-83 and section 3.5, pages 92-98). 
Information relevant to the present chapter is summarised in the following sections. 
Physical examination 
Anthropometry 
Weight was measured (light clothing, emptied pockets and without shoes), to the 
nearest 0.1 kg, using a SECA (Germany) electronic scale, model 813. 
Height was measured (without shoes, in bare or stocking feet), to the nearest 0.1cm 
using a SECA (Germany) portable audiometer, model 217, with adolescents standing upright.  
Waist circumference was measured (over light clothing), using a non-elastic flexible 
measuring tape Myotape (USA). Waist circumference measurements were taken midway 
between the tenth rib and the iliac crest, to the nearest 0.1 cm.  
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Bioelectrical impedance 
Bioelectrical impedance at a fixed frequency of 50 kHz using the Body stat ® 1500 
(British Isles), validated in comparison with dual-energy absorptiometry fat-free mass (FFM) 
was used as the criterion measure (58). All participants were measured in an assumed 
normally hydrated state. Participants were tested after the removal of shoes and socks in a 
supine position with their arms by their side and legs slightly apart (to avoid conductivity in 
the wrong places). The BIA procedure was performed twice in succession and the mean of 
the resulting impedance measures was used for subsequent analyses. 
 
Blood pressure 
BP was taken using the Omron HEM 907XL (USA) digital BP monitor. BP was 
measured on the right side of the participant using the appropriate cuff, on the bare skin of 
the upper arm. The participant was asked to sit quietly for three minutes with feet flat on the 
floor and then two readings were taken, one minute apart.  
 
6.3.3 Data processing  
BMI status derived variable: 
 
BMI was calculated as weight (kg) divided by the height squared (m²) and 
categorized into normal, overweight and obese using the Cole et al. (42) cut-off points. Cole 
et al. (42) used data on the body mass index for children from six large nationally 
representative cross sectional surveys, from Brazil, Great Britain, Hong Kong, the 
Netherlands, Singapore and the United States (42). Each survey had over 10,000 subjects, 
with ages ranging from 6-18 years, and quality control measures to minimise measurement 
error. Centile curves for body mass index were constructed for each dataset by sex, using the 
L (lambda), M (mu), and S (sigma) - LMS - method, which summarises the data in terms of 
three smooth age specific curves. The M and S curves correspond to the median and 
coefficient of variation of body mass index at each age, while the L curve allows for 
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substantial age dependent skewness in the distribution of body mass index. The values for L, 
M, and S were to be tabulated for a series of ages. The assumption underlying the LMS 
method is that after Box-Cox power transformation the data at each age are normally 
distributed. Each centile curve defines the cut off points through childhood that correspond in 
the prevalence of overweight or obesity to that of the adult cut off point—the curve joins up 
those points where the prevalence matches are seen at age 18. This process is repeated for all 
six datasets, by sex. Superimposing their curves leads to a cluster of centile curves that all 
pass through the adult cut off point yet represent a wide range of overweight and obesity. The 
curve is representative of all the datasets involved but is unrelated to their obesity. The cut-
off point is effectively independent of the spectrum of obesity in the reference data (42). 
 
Body fat composition derived variable: 
To estimate the body fat percentage of participants, first, their fat free mass (FFM) 
was calculated using the validated pediatric specific bio-impedance equation (58):  
FFM (kg) = [−7,655 + 297 (Ht) + 125 (BM) − 17.4 (Imp)]/1,000 
where Ht: standing height (cm); BM: body mass (kg); and Imp: bio-impedance (ohms). 
Second, to calculate fat mass (FM), FFM was subtracted from body mass (BM): 
FM (kg) = FFM (kg) – BM (kg)  
Finally, body fat percentage was calculated by dividing FM by BM and then multiplying by 
100 
Body fat % = FM (kg) / BM (kg) x 100  
 
Waist circumference derived variable: 
The participants were categorized into those with normal waist circumference or 
abdominal obesity using the Jackson et al. waist circumference percentiles developed 
specifically for Kuwait’s child and adolescent population (250). The Jackson et al (250) 
smoothed waist circumference percentile graphs and tables were developed using the LMS 
method, which resulted from smoothing three age-specific curves. The LMS software 
program used was Chartmaker Pro (Institute of Child Health, London, UK), using the method 
developed by Cole et al (251). The data imported in the program resulted in a waist 
circumference cut-off for male children and another for female children at each percentile 
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(3rd, 10th, 25th, 50th, 75th, 90th and 97th percentiles) for each age category (250). The 
graph and table percentiles calculated were the 3rd, 10th, 25th, 50th, 75th, 90th and 97th 
percentiles. The LMS method involved summarizing the percentiles at each age (separately 
for males and females) on the basis of the Box–Cox power transformations, which were used 
to normalize the data. The final percentile curves were the result of smoothing three age-
specific curves. The L, M and S curves describe the skewness, median and coefficient of 
variation of the distribution of waist circumference at each age (250). According to the 
Jackson et al. proposed cut off points, participants below the 90
th
 centile were defined as 
having a waist circumference within normal range, while participants at or above the 90
th
 
centile were defined as having abdominal obesity.  
 
Blood pressure level derived variable: 
Refer to Appendix 10 for details on BP level derived variable and additional analyses 
examining the prevalence of high BP and the prevalence of high BP according to BMI 
among adolescents.  
6.3.4 Statistical analyses 
The general approach underpinning the data analyses involved descriptive statistics 
(for prevalence and distribution related research questions). 
 
Key descriptive statistics: 
 
First, to describe the SHAAK variables used in this study, frequencies and 
percentages were used for the categorical variables and the median and inter-quartile range 
for the continuous variables. Gender differences were assessed by Chi-square for the 
categorical variables and by Mann-Whitney for the continuous variables.  
Statistical significance was set at the 5% level in all analyses. 
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Prevalence of overweight, obesity and distribution of body fat percentage, waist 
circumference and blood pressure 
 
The prevalence of overweight and obesity and abdominal obesity was described in 
terms of frequencies of and percentages for the categorical variables  
The distribution by percentiles of waist circumference, BFP and BP measurements 
were also presented. 
 
6.4 Results 
For details on response rate and missing data, refer to the flow diagram in Chapter 3, section 
3.1, page 76.   
6.4.1 Descriptive statistics of the study variables 
Descriptive statistics of the variables are presented in Table 6.1. The study 
participants had a median age of 15 years. Gender differences were noted in BMI, waist 
circumference, BP.  Refer to Appendix 9 for histograms showing the distribution of BMI, 
body fat percentage, waist circumference and BP. 
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1 0Table 6.1 Descriptive statistics of the study variables by gender (n=589) 
Categorical variables [ᵃ] Male n (%) Female n (%) p 
BMI in categories: [17]    0.01* 
Normal  110 (40.0) 150 (50.5)  
Overweight  70 (25.5) 93 (31.3)  
Obese  95 (34.5) 54 (18.2)  
Waist circumference in 
categoriesᵇ: 
[17]   0.01* 
Normal  214 (77.8) 283 (95.3)  
Abdominal obesity  61 (22.2) 14 (4.7)  
Continuous variables [ᵃ] Median (IQR) Median (IQR) p 
Age (years) [17] 15.0 (3.0) 14.0 (3.0) 0.24 
BMI [12] 24.6 (10.3) 23.4 (7.7) 0.01* 
Waist circumference (cm) [21] 83.2 (26.6) 76.5 (16.5) 0.01* 
Body fat percentage [5] 40.1 (17.9) 40.3 (13.5) 0.35 
Systolic blood pressure 
(mmHg) 
 117.0 (21.0) 101.0 (16.0) 0.01* 
Diastolic blood pressure 
(mmHg) 
[9] 67.0 (13.2) 65.0 (14.0) 0.01* 
[ᵃ] value represents number of participants with missing or invalid data for given variable *Significant gender difference at p 
<0.05 assessed by chi-square for categorical, and by Mann-Whitney U test for continuous variables (%) percentage within 
gender  IQR: Inter-quartile range ᵇWaist circumference ≥90th percentile  
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6.4.2 BMI defined prevalence of overweight and obesity 
The prevalence of overweight and obesity in the SHAAK sample, according to BMI 
by age and gender is presented in Table 6.2. Highest rates of overweight were evident in the 
age group 14-15 years for both males and females. Obesity prevalence peaked at age of 16, 
followed by the 14-15 years age group. The prevalence of overweight plus obesity in males 
and females was 60% and 49.5% respectively. 
 
1 0Table 6.2 Prevalence of overweight and obesity according to BMI by age and gender 
Age 
(years) 
Male  
n (%) 
Female  
n (%) 
 Overweight Obese Overweight Obese 
12 6 (27.3) 9 (40.9) 11 (22.4) 8(16.4) 
13 16 (29.6) 22 (40.8) 16 (32.7) 5 (10.2) 
14 15 (26.3) 19 (33.3) 22 (44.0) 10 (20.0) 
15 15 (31.9) 9 (19.1) 18 (34.0) 11 (20.7) 
16 14 (21.2) 27 (40.9) 13 (27.1) 11 (22.9) 
17 4 (13.8) 9 (31.0) 13 (27.1) 9 (18.8) 
Total 70 (25.5) 95 (34.5) 93 (31.3) 54 (18.2) 
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The prevalence (percentage) of overweight and obesity according to BMI among the 
participants and by gender is presented in Figure 6.1. According to BMI, 28.5 % participants 
were overweight and remaining 26.1% were obese. More females than males were in the 
overweight category (31 versus 25%  respectively). However, more males than females were 
in the obese category (34% versus 18% respectively).  
 
‎0.1Figure 6.1 Prevalence of overweight and obesity among adolescents and by                                                         
gender 
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Distribution of body fat percentage 
 
The distribution of (2
nd
, 9
th
, 25
th
, 50
th
,75
th
, 85
th
,90
th, 
95
th
 and 98
th
) percentiles for BFP by 
age and gender are presented in Table 6.3. Males showed relatively higher percentile values 
compared to females. At the 50
th
 percentile, the variability across the ages was lower among 
males (36.0% to 42.7%) compared to females (33.1% to 43.5%), a similar pattern was noted 
at the 95
th
 percentile values. The maximum BFP values, among females were evident at the 
age of 14 years, and showed a reduction at the age of 17 years. At the age 17 years, the 
median BFP in males and females was 40.3%  and 41.0% respectively, however at 95
th
 
percentile the BFP increase was much higher in males (40.3% to 60.0%) compared to 
females (41.0% to 53.2%).  
  
175 
 
1 0Table 6.3  Body fat percentage percentiles by age and gender 
 
Percentiles 
Age & 
Gender 
 
2 
 
9 
 
25 
 
50 
 
75 
 
85 
 
90 
 
95 
 
98 
Males          
12 16.2 19.6 26.7 36.0 45.9 49.1 53.6 55.7 - 
13 20.6 25.6 30.1 42.7 51.6 53.5 56.8 58.2 62.3 
14 17.7 24.1 31.5 39.2 47.7 52.5 55.4 58.3 63.4 
15 14.6 23.7 32.0 38.7 44.3 56.2 57.7 59.6 - 
16 16.2 27.2 31.3 42.5 50.7 54.4 57.3 59.7 63.0 
17 
All Ages 
21.3 
18.1 
23.4 
25.9 
31.6 
31.2 
40.3 
40.1 
50.6 
49.0 
52.8 
53.1 
57.0 
56.8 
60.0 
58.1 
- 
61.9 
Females          
12 2.9 14.9 25.3 33.1 40.5 45.1 47.9 48.3 - 
13 15.1 18.2 25.6 35.0 44.5 45.4 49.3 52.7 - 
14 22.9 29.6 36.7 43.5 47.8 49.3 53.1 62.8 69.9 
15 3.5 25.0 34.8 40.3 46.9 50.3 53.7 56.4 57.4 
16 8.6 28.4 39.1 43.2 49.5 52.1 56.7 58.4 - 
17 
All Ages 
25.0 
12.9 
32.5 
24.9 
36.2 
32.4 
41.0 
40.3 
47.5 
46.0 
49.5 
49.0 
51.9 
52.0 
53.2 
53.6 
- 
58.3 
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Distribution of waist circumference  
 
The distribution of (2
nd
, 9
th
, 25
th
, 50
th
,75
th
,90
th
 and 97
th
) percentiles for waist 
circumference by age and gender is presented in Table 6.4. Male adolescents had higher 
waist circumference than females. Waist circumference increased with age in both genders. 
At the age of 12, 13 and 16 years, males had higher percentages in the ≥ 90th waist 
circumference percentile. For girls, at the ages of 14, 15 and 17 had higher percentages in the 
≥90th  waist circumference percentile.   
 
1 0Table 6.4  Waist circumference percentiles by age and gender (in cms) 
 
Percentiles 
Age & 
Gender 
2 9 25 50 75 90 97 >90* 
Males         
12 59.5 64.1 68.7 80.6 91.7 106.8  9.1 
13 63.7 67.5 72.8 89.4 106.3 121.6 136.8 9.3 
14 54.6 63.9 71.9 85.7 95.1 107.3 135.7 7.0 
15 28.5 43.7 70.0 76.0 90.0 117.7 136.9 8.5 
16 30.0 40.3 68.8 82.0 98.6 118.0 132.2 9.1 
17 30.0 39.0 60.7 83.2 100.4 110.9  6.9 
Female         
12 57.7 59.5 64.7 74.0 84.4 92.0 106.0 8.2 
13 59.0 60.0 63.5 75.2 79.2 91.0 100.5 8.2 
14 58.3 65.0 70.4 76.5 83.1 90.2 98.9 10.0 
15 60.0 61.7 66.8 78.5 85.7 95.3 101.6 9.4 
16 38.6 65.0 70.5 76.5 83.1 97.7 112.8 8.3 
17 33.6 66.1 72.6 78.9 88.8 98.4 104.5 8.3 
* Percentage of youth with waist circumference > 90
th
 percentile 
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6.4.3 Distribution of blood pressure  
The distribution of (2
nd
, 9
th
, 25
th
, 50
th
,75
th
, 85
th
,90
th, 
95
th
 and 98
th
) percentiles for 
systolic BP is presented in Table 6.5. Males showed relatively higher systolic BP percentile 
levels compared to females. At 50
th
 percentile, the variability across the ages was found to be 
higher in males (104 to 120) compared to females (96 to 111), a similar pattern was noted at 
the 95
th
 percentile values; 132 to 147 among males versus 119 to 135 among females. 
Maximum percentile values, among males were at the age of 15 & 17 years, whilst in 
females the values were highest at 14 & 15 years.  
(refer to Appendix 10 for additional BP descriptive statistics) 
 
1 0Table 6.5 Systolic blood pressure percentiles by age and gender 
Age & Gender 2 9 25 50 75 85 90 95 98 
   Male 
    12 86.0 93.0 98.3 104.5 116.1 123.3 127.9 132.3 - 
    13 84.3 97.4 107.5 120.0 128.3 132.5 134.6 139.5 146.4 
    14 83.9 92.6 98.5 107.0 120.5 124.0 127.6 133.6 136.2 
    15 85.0 97.4 109.0 117.0 126.0 129.0 142.5 147.6 - 
    16 85.0 101.1 109.8 119.8 129.0 131.0 135.0 138.3 141.6 
    17 94.0 99.0 110.0 118.0 127.5 133.0 138.6 141.5 - 
All ages 85.0 95.5 105.0 117.0 126.0 129.0 134.0 137.2 144.4 
Females 
    12 74.0 77.5 86.0 96.0 100.0 105.0 109.0 124.0 - 
    13 77.0 79.5 94.0 100.0 106.5 110.0 121.0 121.0 - 
    14 86.0 92.6 100.0 111.0 119.5 123.7 127.4 130.8 134.9 
    15 79.2 88.9 94.5 103.0 112.0 116.0 125.1 135.2 139.8 
    16 81.0 89.4 97.0 101.0 108.5 111.0 112.6 121.2 - 
    17 82.0 87.4 94.8 101.0 107.8 113.3 116.2 119.0 - 
All ages 77.0 86.0 94.0 101.0 110.0 115.0 121.0 124.0 132.0 
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6.5 Discussion 
6.5.1 Adiposity among adolescents in Kuwait 
Prevalence of overweight and obesity according to BMI 
 
This study found that overall, according to BMI, 29% were overweight and the remaining 
26% were obese. The findings in this study with respect to the percentage of overweight 
participants are similar to the findings in previous research conducted in Kuwait in 2009 
(31% overweight) (121). However, the percentage of obese adolescents is markedly higher in 
the present study compared to previous work, that estimated the prevalence of obesity was 
approximately 15% (121). Methodological differences are a possible explanation for the 
discrepancy between the findings in this study and the previous study. The 2009 study 
included adolescents who were in the 10-14 years age range  during the educational year 
2005-2006 and used reference data from the United States National Centre for Health 
Statistics reference population to define overweight (85
th
 to 94 percentile) and obesity (>95 
percentile) (121). The present study used the Cole et al. (42) cut off points which are age and 
sex specific to define overweight and obesity, and included adolescents in a wider age range 
(12-17 years). 
 
Previous research conducted in Bahrain to estimate the prevalence of overweight and 
obesity among Bahraini adolescents using three different sets of criteria (WHO, CDC and 
IOTF references) suggested that there is considerable variation between these standards in 
the prevalence of overweight and obesity when applied to the same sample population (252). 
Another explanation for the discrepancy between this study and the 2009 Kuwait study is a 
real increase in the prevalence of obesity (an 11% increase) among adolescents in Kuwait 
during the years in question.  
 
The present study found significant gender differences in the percentages of overweight 
and obesity according to BMI. The findings in this study are somewhat similar to those in a 
recent study comparing the prevalence of overweight and obesity among adolescents in seven 
Arab countries, including Kuwait (7). The recent study found significant gender differences 
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in the prevalence of overweight and obesity among adolescents in Kuwait. However, while 
this study found that more females than males were in the overweight category (31% versus 
25% respectively) and more males than females were in the obese category (34% versus 18% 
respectively), the comparison study found that males were more overweight and obese than 
females (26% overweight, 35% obese versus 21% overweight and 21% obese, respectively) 
(7). While the same reference data was used to define overweight and obesity in this study 
and the recent comparison study, a possible explanation for the discrepancy based on gender 
difference may be the older age range used in the comparison study (15-18 years) (7). 
Another explanation is that the prevalence of overweight among females has increased by 
10% and actually exceeds the equivalent in males, which has remained more or less 
unchanged since 2010, when the data were collected for the comparison study. Data were 
collected for the present study in 2012-2013.    
 
The findings in this study sample suggest that the prevalence of overweight and obesity 
among adolescents in Kuwait is the highest of all countries in the Middle East and Arab 
region. The present findings are in agreement with previous research which suggest that 
Kuwait has the highest prevalence of overweight and obese people of all Arab countries 
including Algeria, Jordan, Libya, Syria, the United Arab Emirates and Palestine (7). This 
study found that, overall, overweight and obesity characterised 59% of male adolescents and 
49% of female adolescents while the study comparing the prevalence of overweight and 
obesity in seven Arab countries found similar results and suggested that Kuwait registered 
the highest percentages of overweight and obesity (61% for males and 42% for females) of 
all countries in the Middle East and Arab region (7). The United Arab Emirates and Jordan 
had somewhat similar percentages of overweight and obesity among males and females (37% 
and 32%  for males versus 21% and 22% for females, respectively) (7). The possible reasons 
behind the higher rates of overweight and obesity in Kuwait than in other countries may 
include the differences in economic development between the countries. Kuwait is an 
affluent country that has seen rapid socio-economic growth and has the highest 
socioeconomic status of all the countries included in the Arab comparison study (231). 
Another explanation for the higher rates of overweight and obesity include differences 
between PA, SB and dietary habits, puberty timing and genetic variability (178). 
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Compared to the rates of overweight and obesity around the world, the findings in this 
study suggest that Kuwait has the highest prevalence of adolescent overweight and obesity. A 
recent systematic review of 40 studies, including data on several countries in each continent, 
suggested that the prevalence of overweight and obesity was highest in America, Oceania 
and Europe (6). Kuwait was not included in the systematic review which used the same  
reference data to define overweight and obesity among adolescents in the age range of 10-19 
years; the review suggested that the prevalence of overweight and obesity was lowest in 
certain parts of Asia (total prevalence was less than 10% in Iran and China) (6). The 
prevalence of overweight and obesity was approximately 30%  among American adolescents, 
and 22-25% of European adolescents (with the exception of Czech Republic and Italy, where 
it is 14% and 18% respectively) (6). In Australia and Oceania the prevalence of overweight 
including obesity  was  34% and 23% respectively (6). Asian adolescents (the Middle East 
included as part of Asia) had a wide range of overweight and obesity (6). Using the IOTF 
cut-offs, the prevalence ranged from 5% in China (Far East) to 36% in Bahrain (Middle East) 
(6).The higher rates of overweight and obesity may be explained by methodological 
differences between the studies  and the differences pertaining to the characteristics of the 
samples including differences in PA, SB and dietary habits, genetic variability and puberty 
timing (178).   
Distribution of body fat percentage 
 
Gender differences were evident with regards to body fat percentage data. Boys 
showed relatively higher percentile values compared to girls. Body fat percentage data at the 
95
th
 percentile were noticeably  higher in males (40.3% to 60.0%) compared to females 
(41.0% to 53.2%). This is the first study, to the best of our knowledge that estimated the 
body fat percentiles in a sample of Kuwaiti adolescents as measured by bio-impedance. The 
findings in this study are partially consistent with previous studies. A study aimed at 
producing body fat percentage reference data for Turkish children and adolescents reported 
that girls had higher body fat percentage than boys at the 50
th
 percentile (253), which is 
consistent with findings in this study. The Turkish study revealed that body fat percentage 
values were the highest among 14 year old  girls and declined by the age of 17 years (253), 
these data support findings in this study. While the analyses in this study showed that body 
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fat percentage was higher among males than females at the age of 17 years, this is different to 
results in the Turkish study, whereby, girls had higher BFP at the age of 17 years (253). The 
disagreement between the findings in this study and the Turkish study may be a result of 
methodological differences. Although both studies used bio-impedance to calculate body fat 
percentage, the Turkish study utilized a different device to the one used in this study. 
Furthermore, this study used the Clasey et al (58). validated algorithm to calculate body fat 
percentage, which may not have been the case with the Turkish study since the algorithm was 
not specified (253). Additionally, the Turkish study requested the participants to  empty their 
bladders and refrain from food, drink an hour prior to measurement (253). These 
precautionary measures were not taken and were not logistically possible in the present 
study.  
 
A study conducted in the UK to produce body fat reference curves for children aged 
4-18 years found no gender differences in the body fat curves until the age of puberty 
whereby boys show a decline in body fat while girls continue to gain (254). The body fat 
percentage data in this analysis showed that males body fat percentage declined at the age of 
15 years but continued increasing thereafter. Similarly, girls showed a decline by the age of 
15 which was more or less sustained thereafter. It is plausible that the inconsistencies are due 
to methodological issues and differences in the sample characteristics between the UK and 
this study.  The UK study collected body fat percentage data from Caucasian children and 
utilised a different bio-impedance device to analyse body fat composition (255). Despite 
these differences, it is plausible that a real difference in body fat percentage data is evident 
among Kuwaiti adolescent males at the age of 15-17 years when compared with UK 
adolescents.  
Distribution of waist circumference and abdominal obesity 
 
Male adolescents had higher waist circumference than females. Waist circumference 
increased with age in both genders. At the age of 12, 13 and 16 years, males had higher 
percentages in the ≥ 90th waist circumference percentile. For girls, at the ages of 14, 15 and 
17 had higher percentages in the ≥90th  waist circumference percentile. This study found 
significant gender differences in the prevalence of abdominal obesity (defined as a waist 
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circumference ≥90th percentile) according to waist circumference, using the Jackson et al. 
waist circumference percentiles (250). The overall prevalence of abdominal obesity in this 
study was highest at the age of 13 years for males (13%); the percentage of females with 
abdominal obesity was highest at the age of 14 years (10%). Findings in this study are 
corroborated with the results of the Jackson et al. study that established the waist 
circumference percentiles specifically for Kuwaiti children and adolescents, reveals  similar 
results (250). The Jackson et al. study found that significant gender differences existed in the 
prevalence abdominal obesity and that the percentage of males with abdominal obesity was 
higher than that of females at most ages (250). The average percentage of males with 
abdominal obesity in the age range of 5-18 years was 12% and for females was 8% (250). In 
addition, the study by  Jackson et al. (250) included a wider age range beginning with 
children as young as 5 years old (250).  
 
With regard to the gender differences in waist circumference and the prevalence of normal 
and abdominal obesity, the findings in this study are somewhat similar to those in 
neighbouring countries in the Middle East and in Western countries. A recent study assessed 
cardiometabolic risk factors among Saudi children and adolescents reported significant 
gender differences in waist circumference and the prevalence of normal and abdominal 
obesity (256). The Saudi study reported the overall prevalence of abdominal obesity as 31% 
and the higher rate in females than males (40% versus 24%, respectively) (256). While the 
overall percentage of abdominal obesity reported in the study is somewhat similar to that in 
this study, a possible explanation for the discrepancy in the percentage of abdominal obesity 
by gender between this study and the Saudi study is the cut-off used to define abdominal 
obesity. The Saudi study used the de Ferranti et al. (257) cut-off, which defined abdominal 
obesity at ≥75th percentile and included a wider age range (6-17 years old) (256, 257). The 
differences pertaining to the characteristics of the samples, including differences in PA, SB 
and dietary habits, puberty timing and genetic admixtures may also explain the discrepancy 
between the findings in this study and those in the Saudi study. Studies conducted in America 
and Canada have found gender differences in the prevalence of central obesity and higher 
waist circumference percentiles in male children and adolescents than in female adolescents 
at most ages (258, 259).  
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This study found the highest percentage of participants with central obesity was 
among 13 year old boys (37%), but for girls, 12 year olds had the highest percentage of 
abdominal obesity (10 %). For both boys and girls the percentage of participants with 
abdominal obesity more or less started to decline with age (except at the age of 16). These 
findings are similar to those of the previous study conducted in Kuwait, which reported that, 
while the percentage of male children who have abdominal obesity remained more or less 
constant, there was a substantial decrease in the percentage of girls with a waist 
circumference in the ≥90th percentile (250). These findings may be attributed to gender 
related maturation.  
6.5.2 The distribution of blood pressure  
The analyses exploring the distribution of BP among adolescents showed males had 
relatively higher systolic BP levels compared to females. These findings are supported by 
previous studies. A study conducted in Tunisia to examine BP and associated factors systolic 
BP was higher among Tunisian boys (260). The maximum percentile values, among males 
were at the age of 15 & 17 years, whilst in females the values were highest at 14 & 15 years. 
A recent systematic review examining the prevalence of high BP among 122,053 adolescents 
reported results of meta-regression analyses, whereby the pooled-prevalence of high BP was 
11.2%, 13% for boys, and 9.6% for girls (261). The review highlights that the heterogeneity 
in the estimates of high BP among boys is attributed to dissimilar methods of BP 
measurement and depended on the year in which the survey was carried out (261).  Despite 
these inconsistencies, the data indicates that high BP is more prominent among boys than 
girls, and that the technique of BP measurement plays an significant role in the overall 
heterogeneity of the high BP estimation distributions, predominantly in boys (261).  
6.5.5 Strengths, limitations and implications of the study  
The present study has several strengths: it is the first study in Kuwait and the Middle 
East that described three different adiposity indices. In addition to covering a wide age range, 
the study utilised the Jackson et al. (250) age and gender specific waist circumference 
percentiles established for Kuwaiti adolescents. Furthermore, this study provides a unique 
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insight into the adiposity profiles and BP levels among Kuwaiti adolescents. At the same 
time, this study has several limitations. Unlike BMI, there are no established, standardised 
body fat reference curves. The cut points used to define over-fat and obesity according to 
body fat percentage are derived from studies involving Caucasian children and adolescents 
(58), therefore, may not be applicable to Kuwaiti youth. Similarly, there are no BP reference 
curves established for the child or adolescent population in Kuwait. Blood pressure reference 
curves for children and adolescents are age, gender and height specific. Consequently, 
existing child and adolescent BP reference curves (derived from studies conducted in 
Western countries) are inappropriate for use among children and adolescents in Kuwait. The 
findings in this study and the limitations presented imply that researchers interested in 
assessing adiposity and BP among children and adolescents in Kuwait or the Middle East 
would greatly benefit from establishing standardised reference curves for body fat percentage 
and BP. If established, these reference curves would allow researchers to make use of 
valuable, fairly inexpensive and accessible tools to measure adiposity and BP. Moreover, it 
would improve the interpretation and understanding of the adiposity and BP profiles of youth 
in Kuwait.  
6.5.6 Conclusion 
Overweight and obesity are highly prevalent among adolescents in this study, 
compared with other countries in the Middle East, the Arab region and around the world. The 
next chapter examines some of the potential explanations for the high levels of overweight, 
obesity and blood pressure amongst Kuwaiti adolescents by investigating the associations 
between these and PA and SB. 
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Chapter 7: The association of physical activity, sedentary behaviour with 
adiposity and blood pressure  
7.1 Introduction 
 
The rise in the prevalence of obesity among children and adolescents is a public health 
issue that is well documented (262). Obesity is linked to several chronic conditions including 
hypertension, insulin resistance, dyslipidaemia and pulmonary problems (10, 11, 263). 
Cardiovascular disease is the leading cause of death among adults in Kuwait (74). The rise in 
the prevalence of obesity among young people have been largely attributed to environmental 
and behavioural factors (5, 264).  
 
A recent study conducted in the US assessing obesity, abdominal obesity, PA and 
caloric intake suggested that obesity and abdominal obesity were associated with reduced PA 
rather than increased caloric intake in adults (265). Similarly, a consequence of obesity is a 
reduction in the daily PA performed by children and adolescents (266). Although there is 
accumulating evidence to suggest that PA may have beneficial effects on the risk factors of 
cardiovascular disease (metabolic syndrome components) in youth (267), a recent systematic 
review has suggested that more evidence is needed to support the view that excessive body 
weight is a cause or effect of reduced levels of PA (101).  
 
There is growing concern that SB has an adverse effect on the current and prospective 
health of young people (103).  Although the existing evidence is inconsistent, current 
literature suggests that self-reported screen time is associated positively with adiposity (107, 
268, 269). Other studies suggest that accelerometer based sedentary time is associated with 
adiposity, but this association is not independent of MVPA (108, 270).  
 
The few studies that have examined the association between PA and SB with adiposity 
in the Middle East vary with respect to methodology and critical findings (98, 112). The 
studies rely solely on self-reported measures of PA and SB. Methodological discrepancies 
and the limitations of self-reported measures are possible explanation for the inconsistencies 
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seen in the literature relating PA, SB with adiposity. Therefore building on this evidence, 
more research (accelerometer based PA, SB and multiple adiposity indices) is warranted to 
elucidate the association of PA, SB and adiposity among adolescents in the Middle East. To 
address gaps in the literature, the association between PA, SB with three adiposity indices 
and BP is presented in this chapter.  
 
7.2 Objectives and hypotheses 
7.2.1 Objectives 
1. To examine the association between PA and the different indicators of adiposity 
among school age adolescents in Kuwait.  
2. To examine the association between SB and the different indicators of adiposity 
among school age adolescents in Kuwait.  
3. To examine the association between PA with blood pressure. 
4. To examine the association between SB with blood pressure. 
7.2.2 Hypotheses 
1. PA is inversely associated with adiposity among adolescents. 
2. SB is associated with adiposity among adolescents independent of PA. 
3. PA is inversely associated blood pressure among adolescents. 
4. SB is associated with blood pressure among adolescents independent of PA. 
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7.3 Method 
7.3.1 Study design, participants and sampling procedure 
For information on the design, recruitment and sampling procedure, refer to the 
general methodology chapter (Chapter 3, section 3.1, page 72). 
7.3.2 Data collection 
For detailed information on data collection, refer to the general methodology chapter 
(Chapter 3, section 3.3, pages 78-83 and section 3.5, pages 92-98) and is summarised in the 
following sections.  
7.3.3 Data processing  
Questionnaire-derived physical activity and sedentary behaviour variables: 
For details on the questionnaire-derived MVPA and SB variables, refer to Chapter 4, section 
4.3.3, page 103-104 
Accelerometer-derived physical activity and sedentary behaviour variables: 
For details on accelerometer-derived MVPA and SB variables, refer to Chapter 4, section 
4.3.3, page 104). 
BMI status derived variable: 
Refer to Chapter 6, section 6.3.3, page 167-168, for details on BMI derived variable  
Body fat composition derived variable: 
Refer to Chapter 6, section 6.3.3, page 168, for information on BFP derived variable  
 
7.3.4 Statistical analyses 
Key descriptive statistics 
The data were explored to assess the distribution of categorical or continuous 
variables. First, to describe the SHAAK variables used in this study, frequencies and 
percentages were used for the categorical variables and median and inter-quartile range for 
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the continuous variables. Gender differences were assessed by Chi-square for the categorical 
variables and by Mann-Whitney for the continuous variables.  
 
Statistical approach to explore possible confounders 
Bivariate correlations were used to determine whether there were any baseline 
differences across the study’s conditions in terms of sociodemographic, health-related 
variables as well as adiposity and BP measures (271). The Spearman Rho and its two-tailed 
p-value were used to assess the correlation between certain potential confounders  associated 
with the adiposity indices and with blood pressure. 
 
Multiple linear regression analysis: 
To examine the association between each of the adiposity indices and blood pressure 
with MVPA or SB, multiple linear regression analyses were performed to determine the 
linear trend p values. Preliminary 1-way analysis of variance analyses revealed significant 
gender interactions between sex and each adiposity measure and BP, therefore, all analyses 
were stratified by sex. Prior to analysis, regression assumptions were checked. To improve 
normality, skewed variables were log transformed before analysis (accelerometer based 
MVPA) and outliers outside four standard deviations from the mean were removed (47 
cases).  
 
The potential confounding variables shown to be associated with exposures and 
outcomes were controlled for. To determine whether MVPA was associated with each of the 
adiposity indices and BP, a series of linear regression models was run, with socio-
demographic factors, dietary habits and lifestyle factors incrementally adjusted for in 
sequence to allow for the impact of  each group of factors on the association between MVPA 
and adiposity (or BP) to be documented. To minimise the effects of collinearity and before 
multiple linear regression, the Spearman Rho and its two-tailed p-value were used to assess 
the correlation between certain explanatory variables (e.g. age and school grade or fresh fruit 
and fresh fruit juice) associated with the adiposity indices and with BP. If the bivariate 
correlations were strong (r = 0.7-0.9), one demographic (e.g. age) or one variable in dietary 
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habits (e.g. fresh fruit portions) was used in the model (see correlation matrix results, 
Appendix 11). 
 
Statistical models were run for each outcome variable (BMI, body fat percent, waist 
circumference and systolic BP) and exposure (fruit portions, vegetable portions, smoking, 
SES status, MVPA and SB). Models were also adjusted for accelerometer wear time.  
 
The first model included MVPA minutes per day, age, gender and accelerometer wear 
time (for models with accelerometry as the main exposure variable). The second model 
included all of the variables in the first model plus portions of fruit and vegetables per day, 
SES status and smoking (cigarettes per week). The third model included all of the variables 
from the second model plus accelerometer based SB as appropriate. The analyses were 
repeated with SB as the main exposure variable to determine whether SB was associated with 
each of the adiposity indices (repeated with systolic BP as the outcome variable). Results are 
presented as unstandardized regression coefficients (B) and 95% confidence intervals (C.I.).  
 
Statistical models were also run for each outcome variable (BMI, body fat percent, 
waist circumference and systolic BP) and accelerometer based counts per valid minute as the 
exposure, the results of the analysis are presented in Appendix 12.  
Statistical significance was set at the 5% level in all analyses. 
 
7.4 Results 
For details on response rate and missing data, refer to Chapter 3, section 3.1, page 72.  
7.4.1 Descriptive statistics of the study variables 
Descriptive statistics of the variables are presented in Table 7.1. Approximately 90% 
of participants were non-smokers, while 7% of the males smoked more than six cigarettes per 
week. Two or more servings of fruit and vegetables were consumed by a similar percentage 
of participants per day, 19% and 20% respectively. With the exception of smoking, soft drink 
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consumption, BMI, waist circumference, BP and accelerometer based MVPA and SB, girls 
and boys were similar in each of the other variables.   
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1 0Table 7.1 Descriptive statistics of the study variables by gender (n=589) 
Categorical variables [ᵃ] Male n (%) Female n (%) p 
Smoking habit [39]   0.01* 
I have never smoked  175 (66.5) 268 (93.4)  
Tried once before  35 (13.3) 17 (5.9)  
Used to smoke but no longer do  28 (10.6) 2 (0.7)  
1 – 6 cigarettes per week  6 (2.3) 0 (0.0)  
More than 6 cigarettes per week  19 (7.2) 0 (0.0)  
Frequency of fruit consumption 
per day  (not including juice) 
[24]   0.24 
I do not know  47 (17.3) 46 (15.7)  
Less than once per week  29 (10.7) 38 (13.0)  
Less than once per day but more 
than once per week 
 59 (21.7) 45 (15.4)  
Once per day  92 (33.8) 102 (34.8)  
Twice or more per day  45 (16.5) 62 (21.2)  
Frequency of vegetables 
consumption per day  (not 
including potatoes) 
[24]   0.36 
I do not know  47 (17.3) 33 (11.3)  
Less than once per week  37 (13.6) 40 (13.7)  
Less than once per day but more 
than once per week 
 44 (16.2) 50 (17.1)  
Once per day  91 (33.5) 108 (36.9)  
Twice or more per day  53 (19.5) 62 (21.2)  
Frequency of fruit juice intake per 
day  (not including nectar based 
juice) 
[26]   0.29 
I do not know  41 (15.1) 56 (19.2)  
Less than once per week  25 (9.2) 38 (13.1)  
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Less than once per day but more 
than once per week 
 49 (18.0) 52 (17.9)  
Once per day  81 (29.8) 73 (25.1)  
Twice or more per day  76 (27.9) 72 (24.7)  
Frequency of soft drink 
consumption per day  
[9]   0.04* 
I do not know  32 (11.9) 25 (8.5)  
Less than once per week  38 (14.1) 57 (19.4)  
Less than once per day but more 
than once per week 
 58 (21.6) 69 (23.5)  
Once per day  86 (32.0) 67 (22.8)  
Twice or more per day  55 (20.4) 76 (25.9)  
Continuous variables [ᵃ] Median (IQR) Median (IQR) p 
Age (years) [17] 15.0 (3.0) 14.0 (3.0) 0.24 
BMI [12] 24.6 (10.3) 23.4 (7.7) 0.01* 
Waist circumference (cm) [21] 83.2 (26.6) 76.5 (16.5) 0.01* 
Body fat percentage [5] 40.1 (17.9) 40.3 (13.5) 0.35 
Systolic blood pressure (mmHg)  117.0 (21.0) 101.0 (16.0) 0.01* 
Accelerometer based physical 
activity and sedentary behaviour 
[ᵃ] Median (IQR) Median (IQR) p 
Moderate to vigorous physical 
activity minutes/day 
[121] 19.0 (20.6) 8.8 (10.9) 0.01* 
Sedentary  hours/day [121] 8.4 (2.2) 9.5 (2.2) 0.01* 
[ᵃ] value represents number of participants with missing or invalid data for given variable (%) percentage within gender 
*Significant gender difference at p <0.05 assessed by chi-square for categorical, and by Mann-Whitney U test for 
continuous variables IQR: Inter-quartile range 
  
193 
 
7.4.2 Association of MVPA with adiposity indices and blood pressure 
Table 7.2 presents the multivariable-adjusted associations between accelerometer 
based MVPA and three adiposity indices in boys. Accelerometer based MVPA was not 
associated with the BMI, body fat percentage or waist circumference.  
 
0Table 7.2 Multivariable-adjusted associations between moderate-to-vigorous-physical 
activity and adiposity outcomes in boys 
 Model 1 Model 2  Model 3 
Moderate-to-vigorous 
physical activity 
Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
BMI Score outcome 
Accelerometer-based 
moderate-to-vigorous physical 
activity† minutes/day 
-0.79 (-3.66, 2.08)   
 
-0.75 (-3.66, 2.17)  -0.42 (-3.49, 2.65)  
 Body fat percentage outcome 
Accelerometer-based 
moderate-to-vigorous physical 
activity † minutes/day 
-0.20 (-0.27, 1.85)  -0.11 (-0.42, 1.97)  0.75 (-0.35, 2.04)  
 Waist circumference outcome 
Accelerometer-based 
moderate-to-vigorous physical 
activity † minutes/day 
-1.72 (-5.55, 1.11)  -1.80 (-5.45, 1.15) -1.66 (-6.02, 1.35) 
†Linear regression for participants with 1 valid day accelerometry data;  *Significant p value <0.05 Beta coefficient 
represent change in the outcome per minute of the exposure variable Accelerometer based MVPA variables are log 
transformed  
Model 1:adjusted for, age, accelerometer wear time and height (for models with waist circumference as outcome)  
Model 2: included variables from the first model plus portions of fruit and vegetables per day, smoking cigarettes per week 
and socioeconomic status score 
Mode l 3: included variables from the second model plus accelerometer based SB   
(n=205) : accelerometer based linear regression   
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Table 7.3 presents the multivariable-adjusted associations between accelerometer 
based MVPA and three adiposity indices in girls. Accelerometer based MVPA was not 
associated with the BMI, body fat percentage or waist circumference.  
 
1 0Table 7.3 Multivariable-adjusted associations between moderate-to-vigorous-
physical activity and adiposity outcomes in girls 
 Model 1 Model 2  Model 3 
Moderate-to-vigorous 
physical activity 
Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
BMI Score outcome 
Accelerometer based 
moderate-to-vigorous physical 
activity † minutes/day 
-0.69 (-2.58, 1.19)   
 
-0.52 (-2.50, 1.45)  -1.00 (-3.15, 1.15)  
 Body fat percentage outcome 
Accelerometer based 
moderate-to-vigorous physical 
activity † minutes/day 
-0.51 (-3.67, 2.65)  -0.19 (-3.41, 3.02)  -0.99 (-4.48, 2.50)  
 Waist circumference outcome 
Accelerometer based 
moderate-to-vigorous physical 
activity† minutes/day 
0.92 (-1.16, 3.00)  0.02 (-1.99, 3.03)  -1.13 (-1.48, 3.23)  
†Linear regression for participants with 1 valid day accelerometry data; *Significant p value <0.05  
Beta coefficient represent change in the outcome per minute of the exposure variable  
Accelerometer based MVPA variables are log transformed  
Model 1:adjusted for, age, accelerometer wear time and height (for models with waist circumference as outcome)  
Model 2: included variables from the first model plus portions of fruit and vegetables per day, smoking cigarettes per week 
and socioeconomic status score   
Model3: included variables from the second model plus accelerometer based sedentary behaviour  
(n=228) : accelerometer based linear regression 
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Table 7.4 presents the multivariable-adjusted associations between accelerometer 
based MVPA and systolic BP level (mmHg). Accelerometer based MVPA was not 
associated with systolic BP level (mmHg). Age and smoking were significant in all the 
models with accelerometer based MVPA.  
0Table 7.4 Multivariable-adjusted associations moderate-to-vigorous-physical activity 
and systolic blood pressure outcome in boys and girls 
 Model 1 Model 2  Model 3 
Boys 
Moderate-to-vigorous 
physical activity 
Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
Accelerometer-based 
moderate-to-vigorous 
physical activity† 
minutes/day 
0.90 (-4.14, 5.95)  1.30 (-3.68, 5.29)  2.26 (-2.99, 7.51)  
 Girls 
Moderate-to-vigorous 
physical activity 
Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
Accelerometer-based 
moderate-to-vigorous 
physical activity† 
minutes/day 
0.30 (-3.36, 3.97) 0.38 (-3.45, 4.21)  1.28 (-2.93, 5.49)  
†Linear regression for participants with 1 valid day accelerometry data; *Significant p value <0.05   
Beta coefficient represent change in the outcome per minute of the exposure variable  
Accelerometer based MVPA variables are log transformed  
Model 1: adjusted for age, height and accelerometer wear time  
Model 2: included variables from the first model plus portions of fruit and vegetables per day, smoking cigarettes per week 
and socioeconomic status score.  
Model3: included variables from the second model plus sedentary behaviour or accelerometer based sedentary behaviour as 
appropriate 
(n=205) : for accelerometer based linear regression in boys, (n=211): for accelerometer based linear regression in girls 
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7.4.3 Association of sedentary behaviour with adiposity indices and blood pressure   
Table 7.5 presents the multivariable-adjusted associations between accelerometer 
based SB and three adiposity indices in boys. Accelerometer based SB was not associated 
with BMI, body fat percentage or waist circumference. Age was significant in all models 
with BMI and body fat percentage for accelerometer based SB models.  
 
1 0Table 7.5 Multivariable-adjusted associations between sedentary behaviour and 
adiposity outcomes in boys 
 Model 1 Model 2  Model 3 
Sedentary behaviour Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
BMI Score outcome 
Accelerometer-based 
sedentary behaviour† 
minutes/day 
0.01 (-0.01, 0.01)  0.00 (-0.00, 0.01)   0.00 (-0.01, 0.01) 
 Body fat percentage outcome 
Accelerometer-based 
sedentary behaviour† 
minutes/day 
0.00 (-0.00, 0.01) 0.00 (-0.01, 0.01)  0.00 (-0.01, 0.02)  
 Waist circumference outcome 
Accelerometer-based 
sedentary behaviour† 
minutes/day 
0.02 (-0.02, 0.05) 0.02 (-0.02, 0.05)  0.01 (-0.01, 0.05)  
†Linear regression for participants with 1 valid day accelerometry data; *Significant p value <0.05  
Beta coefficient represent change in the outcome per minute of the exposure variable for models  
Model 1: Independent variables were sedentary behaviour minutes per day, age, accelerometer wear time and height (for 
models with waist circumference as outcome)  
Model 2: included variables from the first model plus portions of fruit and vegetables per day, smoking cigarettes per week 
and socioeconomic status score.  
Model 3: included variables from the second model plus accelerometer based MVPA as appropriate, (accelerometer based 
MVPA variables are log transformed)  
 (n=205) : for accelerometer based linear regression 
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Table 7.6 presents the multivariable-adjusted associations between accelerometer 
based SB and three adiposity indices in girls. Accelerometer based SB was not associated 
BMI, body fat percentage or waist circumference. Age was significant in all models with 
BMI and body fat percentage.  
 
0Table 7.6 Multivariable-adjusted associations between sedentary behaviour and 
adiposity outcomes in girls 
 Model 1 Model 2  Model 3 
Sedentary behaviour Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI) 
Beta coefficient 
(95% CI) 
BMI Score outcome 
Accelerometer-based 
sedentary behaviour† 
minutes/day 
0.01 (-0.01, 0.01)  0.01 (-0.01, 0.01)  0.01 (-0.01, 0.01)  
 Body fat percentage outcome 
Accelerometer-based 
sedentary behaviour† 
minutes/day 
0.01 (-0.02, 0.02)  0.01 (-0.02, 0.02)  0.01 (-0.02, 0.02)  
 Waist circumference outcome 
Accelerometer-based 
sedentary behaviour† 
minutes/day 
-0.01 (-0.02, 0.01)  -0.01 (-0.03, 0.01)  -0.01 (-0.03, 0.01)  
†Linear regression for participants with 1 valid day accelerometry data *Significant p value <0.05  
Beta coefficient represent change in the outcome per minute of the exposure variable for models using accelerometer based  
Model 1: Independent variables were sedentary behaviour minutes per day, age, accelerometer wear time (for models with 
accelerometer based variables as main exposure) and height (for models with waist circumference as outcome)  
Model 2: included variables from the first model plus portions of fruit and vegetables per day, smoking cigarettes per week 
and socioeconomic status score.  
Model 3: included variables from the second model plus accelerometer based MVPA as appropriate, (accelerometer based 
MVPA variables are log transformed)  
(n=228) : for accelerometer based linear regression 
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Table 7.7 presents the multivariable-adjusted associations between accelerometer 
based SB and systolic BP level (mmHg) in boys and girls. Accelerometer based SB was not 
associated with systolic BP. Age was significant in all models with systolic BP for  
accelerometer based SB models. 
 
1 0Table 7.7 Multivariable-adjusted associations between sedentary behaviour and 
systolic blood pressure outcome in boys and girls 
 Model 1 Model 2  Model 3 
Boys 
Sedentary behaviour Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
Accelerometer-based 
sedentary behaviour † 
minutes/day 
0.01 (-0.01, 0.02)  0.01 (-0.01, 0.02)  0.01 (-0.01, 0.03)  
 Girls 
Sedentary behaviour Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
Accelerometer-based 
sedentary behaviour † 
minutes/day 
0.01 (-0.01, 0.02)  0.01 (-0.01, 0.02) 0.01 (-0.01, 0.02)  
†Linear regression for participants with 1 valid day accelerometry data; *Significant p value <0.05  
Beta coefficient represent change in the outcome per minute of the exposure variable for models using accelerometer  
Model 1: adjusted for age, height and accelerometer wear time 
Model 2: included variables from the first model plus portions of fruit and vegetables per day, smoking cigarettes per week 
and socioeconomic status score.  
Model3: included variables from the second model plus self-reported MVPA or accelerometer based MVPA as appropriate. 
(n=205) : for accelerometer based linear regression in boys, (n=211): for accelerometer based linear regression in girls 
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7.5 Discussion 
7.5.1 Association of moderate-to-vigorous physical activity with adiposity  
Association of MVPA with BMI 
 
This study found that accelerometer based MVPA was not associated with the BMI in 
boys or girls. The findings in this study are somewhat different from the results shown in 
other studies (conducted mostly in Western countries). A systematic review aimed at 
investigating the effect of PA on levels of adiposity in adolescents suggested that most 
observational studies showed that PA had a significant negative association with BMI (272). 
Although the review suggested that few experimental studies did show a favourable effect of 
PA on adiposity, it reported also that in some studies these outcomes depended on gender and 
ethnicity (272). Therefore, the review concluded that the current literature was sparse; most 
studies using self-reported PA had methodological limitations, including but not limited to 
the units of measurement used to calculate MVPA (metabolic equivalents, minutes of 
MVPA, kilocalories, etc.) and that there was a social desirability bias (272). As a result, the 
dose-response effect of self-reported PA practice on the BMI remains unclear.  
 
The present study found that accelerometer based MVPA was not associated with the 
BMI. A recent systematic review to assess the associations between objectively measured 
habitual PA and adiposity in children and adolescents has suggested that cross-sectional 
studies (conducted mostly in Western countries) consistently report significant, negative 
associations between objectively measured PA and adiposity (78% of the studies) (102). The 
studies included in the review point to ‘strong evidence’ that an association exists with higher 
levels of habitual PA being associated with lower measures or indices of adiposity (102). 
 
Discrepancies between the findings in this study and other cross-sectional studies 
conducted in the West may result from the differences in the levels of PA adolescents engage 
in, geographical locations between the studies, differences in the sample characteristics, 
methodological differences such as the accelerometer device used, the different cut off points 
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used, classification of non-wear time, etc. and the statistical analyses used to examine the 
association between PA and BMI. In addition, the systematic review has suggested that 
publication bias may have influenced the literature with regard to the associations between 
habitual PA and adiposity in young people (102). 
 
Studies conducted in Kuwait and its neighbouring countries report dissimilar findings 
to this study. Al-Haifi et al. (98) recently in a study that assessed the relative contributions of 
PA, SB, and dietary habits to the prevalence of obesity among Kuwaiti adolescents (98). The 
study suggested that self-reported MVPA was negatively associated with overweight and 
obesity (defined according to BMI) for both males and females (98). Both this study and the 
Kuwaiti study used the same reference to define overweight and obesity among adolescents 
(Cole et al. (42) ) and similar questions to assess self-reported MVPA. However, a possible 
explanation for the discrepancy between the findings in this study and the other study may 
result from differences in the statistical analyses. Whereas this study examined the 
association of self-reported MVPA with BMI while adjusting for a series of potential 
confounders of MVPA and BMI including age, gender, SES status and portions of fruit and 
vegetables, the Al-Haifi et al. study examined the univariate association between self-
reported MVPA and BMI and did not adjust for potential confounders of MVPA and BMI 
(98). 
 
A recent study conducted in Iran to estimate the prevalence of overweight and obesity 
and their association with self-reported PA among Iranian adolescents aged 12-17 years has 
suggested that moderate self-reported levels of leisure-time and sport PA were positively 
associated with overweight and obesity (86). Discrepancies between the findings in this study 
and the Iranian study may result from methodological differences, such as the questions used 
to assess MVPA and the reference used to define the BMI score. To define overweight and 
obesity, the Iranian study used CDC reference data which may not have been suitable to 
apply to a Middle Eastern population (86). In addition, the Iranian study used the Baecke 
questionnaire (a questionnaire devised to estimate habitual PA among adults) to collect data 
on PA and it may have not been appropriate for use among adolescents (87). 
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Association of MVPA with body fat percentage  
 
This study found that accelerometer based MVPA was not associated with the 
percentage of body fat percentage. The findings in this study are supported by a systematic 
review that examined objectively measured PA and fat mass in children (273). The meta-
analysis of prospective studies suggest no association between objectively measured PA and 
fat mass after adjustment for bias (pooled correlation was -0.01, 95%CI: -0.18-0.16) (273). 
The meta-analysis concluded that objectively measured PA is not a key determinant of 
weight gain children (273). Another systematic review aimed at investigating the effect of 
PA on levels of adiposity in adolescents suggested that according to most observational 
studies PA had a significant negative association with adiposity, including the body fat 
percentage (272). The intervention studies not only studied PA but also examined other 
factors such as diet, therefore, the actual impact of PA and duration and frequency required 
to achieve beneficial results remains vague (272).  The main limitations relate to a lack of 
validity in the measurement of both PA and body fat composition (272). The systematic 
review found that, on the basis of the current available evidence, the literature offers limited 
support for a causal link between MVPA and body fat composition in adolescence. 
 
Accelerometer based MVPA was not associated with the body fat percentage. A 
recent systematic review which included studies conducted mostly in Western countries 
examined the associations between objectively measured habitual PA and adiposity in 
children consistently reported significant, negative associations between objectively 
measured PA and adiposity (102). When the systematic review classified the results by 
outcome measure, significant negative associations between habitual PA and adiposity were 
found in 76% of the studies that used more precise body composition methods, such as bio-
impedance and DEXA, as opposed to 81% of studies that used simple proxies for adiposity, 
such as BMI as their outcome measure (102). 
 
A possible explanation for the discrepancies between the findings in this study and 
other cross-sectional studies conducted primarily in the West may result from the differences 
in PA levels, cultural differences, differences in the sample characteristics, methodological 
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differences such as the accelerometer device used, different cut off points used, classification 
of non-wear time, etc. and the statistical analyses used to examine the association between 
MVPA and body fat percentage. 
 
Association of MVPA with waist circumference  
The analyses revealed that and accelerometer based data was not associated with 
waist circumference in boys and girls. The findings in this study differ from a recent study 
that assessed accelerometer based MVPA and cardiometabolic risk factors in children and 
adolescents (100). The study used pooled data from 14 studies covering 20,871 children aged 
4-18 years of age from the International Children’s Accelerometry database (100). The study 
suggested that the total minutes per day spent on MVPA were negatively associated with 
waist circumference (100). A recent systematic review to examine the associations between 
objectively measured habitual PA and adiposity in children and adolescents suggested that 
cross-sectional studies (primarily in Western countries) consistently reported significant 
negative associations between objectively measured PA and adiposity (including waist 
circumference) (274).  
 
A study conducted in Iran to determine the association of PA and metabolic 
syndrome (including waist circumference) in a large nationally representative sample of 
children aged 6-18 years suggested that the prevalence of metabolic syndrome (including 
waist circumference) was higher in those subjects with lower PA (15.1% vs.14.2% and 
13.1%, respectively in the 1st, 2nd and 3rd tertiles of PA) (275). A likely explanation for the 
inconsistency between the findings in this study and the Iranian study are methodological 
differences, including the questions used to estimate PA among adolescents, the reference 
data used to define waist circumference adiposity and differences in the sample 
characteristics. The Iranian study assessed PA by a scaled questionnaire organized into nine 
different metabolic equivalent (MET) levels ranging from sleep/rest (0.9 METs) to high-
intensity physical activities (16 METs) prepared by Aaddahl et al. to estimate PA among 
adults (275, 276). Furthermore, the Iranian study defined metabolic syndrome (including 
waist circumference) on the basis of criteria analogous to those of adults (275, 277).  
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7.5.2 Association of moderate-to-vigorous physical activity with systolic blood 
pressure 
Accelerometer based MVPA was not associated with systolic BP level (mmHg) in 
this study. The findings in this study are not supported by a recent study assessing 
accelerometer based MVPA and cardiometabolic risk factors (including systolic BP) in 
children and adolescents (100). The study suggested that MVPA (minutes per day) was 
negatively associated with systolic blood pressure (100). An explanation for the 
inconsistency between the findings in this study and those in the International Children’s 
Accelerometry Database  study lies in possible methodological differences, including the 
classification of non-wear time (60 minutes of consecutive zeros, allowing for 2 minutes of 
nonzero interruptions), and the minimum number of minutes required for a day to be 
considered valid (500 minutes) (100). Furthermore, the study pooled accelerometry data from 
studies conducted in Australia, Brazil, USA and Europe, hence, the difference in levels of PA 
and differences in the sample characteristics may explain the discrepancies between the 
findings in this study and those in the International Children’s Accelerometry Database study 
(100).  
7.5.3 Association of sedentary behaviour with adiposity  
Association of SB with BMI  
 
In this study accelerometer based SB was not associated with BMI. The outcomes in 
this study do not coincide with the findings from studies conducted mainly in Western 
countries, which suggest that self-reported SB has a positive association with BMI (106, 
278). A recent systematic review assessing SB and health indicators in school-aged youth, 
suggested a dose-response association between higher SB and adverse health outcomes 
(including BMI) in girls and boys (through qualitative analysis of 232 studies) (103). A 
literature review that included cross-sectional, longitudinal and interventional studies among 
children and adolescents (aged 2-18 years), suggested that 15 of the 27 cross-sectional 
studies (including youth above the age of ten years), found a positive association between TV 
and the risk of overweight/obesity in both sexes and three studies reported a positive 
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association between TV or video games only in girls (105). The review emphasised the 
importance of methodological issues that may explain the lack of association in some studies 
and the development of a common definition of SB to be used in future studies that will 
allow the comparison of SB in different countries (105). 
 
A meta-analysis that examined the association between screen time (media use), 
adiposity in children and youth suggested that based on data from 52 samples, a fully 
corrected, sample-weighted, effect size between TV viewing and adiposity was 0.066 
(Pearson r) (279). The meta-analysis study recognized that a relationship appears to exist 
between TV viewing and body fatness, however, that it is possibly too small to be of 
significant clinical relevance (279).  
 
A study of  the association between indicators of screen time and adiposity indices in 
Portuguese children suggested that TV viewing for more than two hours per day was 
associated with adiposity (according to BMI score) (107). The study is supported by other 
studies conducted mainly in Western countries that examined the association of self-reported 
SB and adiposity (23, 278). The study concluded that utilising a single measure of adiposity 
(for example BMI) or a single measure of SB (for example TV viewing) may be behind the 
null association seen between SB and adiposity in some studies (107).  
 
The results in this study are consitent with those in a recent study to assess the 
relative contribution of self-reported SB to the prevalence of obesity (according to BMI) 
among adolescents aged 14-19 years (98). The Kuwaiti study suggested that SB such as 
watching TV and using the computer were not associated with overweight or obesity (98). A 
possible explanation may be that the Kuwaiti study used screen time alone as the measure of 
SB, which may not be an adequate marker of daily inactivity as previous studies have 
suggested (279). Inconsistent with the findings in the present study, a study to assess the 
dietary, lifestyle and socio-economic correlates of overweight and obesity in Lebanese 
children and adolescents suggested that self-reported SB was associated with overweight and 
obesity (280). However, the Lebanese study which used the WHO reference data to define 
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overweight and obesity did not provide details of the questions used to estimate the SB of the 
participants (280).  
The present study found that accelerometer based SB was not associated with BMI. 
The findings in this study are inconsistent to those studies conducted mainly in Western 
countries (128, 281, 282). A study from the USA about the association of SB and obesity in a 
large cohort of children suggested that, while SB was associated with obesity, this 
association ceased when 15 minutes of MVPA per day was additionally controlled for in the 
models (108). These findings suggest that SB was positively associated with obesity but that 
this association is not independent of MVPA (108). Discrepancies between the findings in 
this study and other cross-sectional studies conducted in the West may result from the 
systematic bias evident in this study, whereby, participant with higher SB time wore the 
accelerometer for longer periods. This may have reduced the variability of SB data among 
the participants and may help explain the lack of association between the accelerometer 
based SB and BMI. Furthermore, methodological differences such as the accelerometer 
device used, different cut off points used (the USA study used ≤199 cpm as the SB cut 
point), classification of non-wear time, etc. and the statistical analyses used to examine the 
association between SB and BMI may explain the discrepancy between findings in this study 
and other studies using objective measures of SB. 
 
Association of SB with body fat percentage  
 
The present study found that accelerometer based SB  was not associated with body 
fat percentage. A recent systematic review aimed at investigating the effect of SB on levels 
of adiposity in adolescents suggested that most observational studies showed that SB had a 
significant positive association with adiposity including body fat percentage (278). Even 
though most of the studies reviewed showed the harmful effects of SB on body fat 
composition, the current literature on this issue is limited and methodological pitfalls are 
evident. The main limitations relate to a lack of validity in the measurement of both SB and 
body fat composition; the evaluation of confounders (such as MVPA) should also be 
considered (278). Furthermore, observational evidence between SB and adiposity often 
depends on the type of SB and the age groups studied (278) and the type of adiposity markers 
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(107).  In addition, few studies have assessed the association of accelerometer based SB with 
body fat percentage (measured by bio-impedance). However, the findings in this study are 
supported by previous studies that have found minimal or no association between 
accelerometer based SB and body fat percentage (283, 284).  
 
Association of SB with waist circumference  
 
Accelerometer based SB was not associated with waist circumference in this study after 
adjustments of several confounding factors and independent of daily MVPA. Previous papers 
that studied the association of accelerometer based SB and cardiovascular risk (including 
waist circumference) are supported by the findings in this study (100). To date, the evidence 
linking accelerometer based SB with cardiometabolic risk (including waist circumference) 
among children and adolescents has been contradictory. Therefore it is unclear if an 
association exists only in some populations or if the inconsistencies are due to differing 
methodological or analytical methods. The evidence supporting the lack of an association 
between accelerometer based SB (100, 270, 282, 285) and cardiometabolic risk appears to be 
stronger than the evidence supporting a relationship (229, 286).  
 
The findings in this study are supported to some extent by studies conducted in 
Kuwait and its neighbouring countries. A recent study conducted in Kuwait to assess the 
relative contributions of PA, SB, and dietary habits to the prevalence of obesity among 
Kuwaiti adolescents suggested that self-reported SB was not associated with waist 
circumference among Kuwaiti adolescents aged 14-19 years (98). Studies conducted of 
children and adolescents in Western countries suggest that there is consistent evidence of a 
relationship between SB (TV viewing and screen-time in particular) and adiposity (including 
waist circumference) (103).  
7.5.4 Association of sedentary behaviour with systolic blood pressure 
Accelerometer based was not associated with systolic BP level in this study. These 
findings are somewhat inconsistent with the findings from other studies conducted in mainly 
Western countries. The International Children’s Accelerometry Database study assessed the 
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accelerometer based MVPA, SB and cardiometabolic risk factors and suggested that, while 
SB (in minutes per day) was significantly positively associated with systolic BP, this 
association was not independent of time spent in MVPA (100). A possible explanation for 
the incongruity between the findings in this study and the ICAD study lies in methodological 
differences including the different cut off points used to define MVPA (>3000 cpm), 
classification of non-wear time (60 minutes of consecutive zeros, allowing for 2 minutes of 
nonzero interruptions) and the minimum number of minutes required for a day to be 
considered valid (500 minutes) (100).  
 
These findings are somewhat different from those in  studies from neighbouring countries. 
A study conducted in the United Arab Emirates to determine the prevalence of metabolic 
syndrome and check the association of lifestyle factors with metabolic syndrome suggested 
that self-reported screen time (>two hours per day) had a positive association with metabolic 
syndrome (including BP) (118). Possible explanation for the difference between the findings 
in this study and the Emirati study include important methodological differences, such as the 
methods used to estimate SB. The Emirati study asked participants to estimate the time spent 
watching TV, on computer game use and video viewing for the past 30 days (118). In 
addition the Emirati study used the definition of high BP as ≥130/80 mmHg, which is the cut 
off used for adults (118). With regard to the statistical approach the Emirati study did not add 
MVPA as a potential confounder in the multi-variable adjusted model to investigate the 
association between self-reported SB and metabolic syndrome, which may have resulted in 
confounding bias, as previous research has suggested (100, 118). Another possible 
explanation for the inconsistency between the findings in this study and those of the Emirati 
study may be related to hormonal differences, such as testosterone and sex hormone binding 
globulin, between males and females, and differences in the sample characteristics (118).  
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7.5.5 Strengths, limitations and implications of the study  
The present study has several strengths: it is the first study in Kuwait and the Middle 
East to use accelerometer based methods to assess the levels of PA and SB. This study differs 
from other studies in the Middle East in terms of both methodology and critical findings. In 
addition to covering a wide age range, this study provides a unique insight into the 
association of MVPA and SB with adiposity and BP.  
At the same time, this study has several limitations. First, its cross-sectional design 
gives it limited ability to make causal inferences; second, it did not include students from all 
the governorates of Kuwait, thereby reducing the power of the study and limiting its 
representativeness. For accelerometer based measures, to maximize the use of the collected 
data this study included only participants with at least one valid day of accelerometry data. 
However, to get a better idea of children’s and adolescents’ PA and SB profiles, studies 
recommend including participants with at least 4 valid days of accelerometry data (224). As a 
result, the weekday and weekend PA and SB patterns were not differentiated, previous 
studies had advised (224). Moreover, accelerometer based sedentary time was correlated with 
accelerometer wear time and the uniaxial accelerometer used may not have differentiated 
between sitting and standing, thereby adding measurement error that attenuates the true 
associations. Pubertal development (a factor which influences physiological processes (225)) 
was not assessed.  
7.5.6 Conclusion 
Accelerometer based PA was not associated with adiposity or blood pressure in either 
sex in this study. Accelerometer based SB was not associated with any of the three adiposity 
indices in either sex. Accelerometer based MVPA was not associated with adiposity or BP. 
Even though findings in the present study are subject to critical interpretation, policymakers 
in Kuwait can make use of this information to develop effective interventions programs to 
reduce SB and promote PA among young people in Kuwait. 
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Chapter 8: Implications of this PhD work , future research directions, 
limitations  and conclusions 
8.1 Key findings, their implications and future research directions 
 
 This thesis sought to fill certain gaps in the existing literature. The thesis assessed four 
broad aims by evaluating a combination of  PA and SB methods of assessment and by 
including three adiposity indices as well as BP. This chapter concludes the work by 
summarising the key findings, indicating possible lines for future research, highlighting the 
main limitations of the thesis and drawing some conclusions. 
8.1.1 Adherence with wearing the accelerometers and the criterion validity of self-reported 
physical activity and sedentary behaviour against accelerometry 
 Measuring PA and SB is challenging particularly in young populations. Most of the 
studies relating PA and SB to obesity or other cardiovascular health outcomes have relied on 
self-reported PA and SB data. This however, is problematic, since adolescents are not as 
accurate in reporting their PA and SB levels as objective PA, SB measures are. To the best of 
the PhD candidate’s knowledge, SHAAK is the first study to use accelerometry as an 
objective measure in assessing PA and SB among adolescents in the Middle East. The 
adherence to wearing the accelerometers and the correlates of accelerometer wear time were 
explored in Chapter 4. The analysis revealed that adherence with wearing the accelerometer 
is subject to gradual attrition as the measurement week progresses. The adherence rates of the 
participants varied from 63% for at least three days and 83% for at least one valid day. 
Participants with higher accelerometer based SB were more likely to meet the criteria for 
accelerometer wearing time. These findings have several implications.  
 
First, accelerometry has a great potential as an objective measure of PA and SB in 
studies in the Middle East and can be used for children and adolescents in a wide age range. 
However, the adherence rates for wearing the accelerometer were lower than those in studies 
conducted in the West. This finding indicates that ways to improve accelerometer adherence 
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need to be developed for future PA and SB research in the Middle East. Ways to improve 
adherence to wearing the accelerometers include the provision of incentives for participants 
who provide more than three of valid days accelerometer data, asking the parents and 
teachers to remind the participants and sending the participants an SMS message every 
morning (152, 287). In combination, these methods may prove to be more effective at raising 
the adherence to wearing the accelerometer, and hence, provide a better idea of the 
objectively measured habitual PA and SB of young people. 
 
Chapter 4 examined the demographic, anthropometric and PA and SB correlates of 
accelerometer wear time. The analysis revealed moderate correlations between accelerometer 
based SB and accelerometer wear times in boys and girls. This research  highlighted the risk 
of introducing a systematic bias to the study sample (a moderately positive correlation 
between average accelerometer wearing time and the average daily SB time), which 
impacted on the interpretation of the SB outcomes in subsequent chapters and possibly 
concealed the association between accelerometer based SB and adiposity or BP. 
Consequently, the research implies that exploring the characteristics associated with 
accelerometer wear time is valid, in view of the limited research available in the field.  
 
It remains uncertain whether self-reported measures can be relied upon as evidence in 
the association of PA, SB and health outcomes. Current studies assessing the criterion 
validity in the Middle East between self-reported and objective PA and SB parameters are 
very limited; therefore, this aim was explored in Chapter 4. The data suggested that the self-
reported MVPA questionnaire was not correlated with the accelerometer based MVPA. The 
data suggested a weak correlation between self-reported MVPA and total counts per valid 
day. Furthermore, the data showed that self-reported data had a weak correlation with the 
accelerometer based SB data. The findings in Chapter 4 corroborated previous findings that 
self-reported and objective measures of PA are incongruent (82). Although, the data highlight 
the need for accurate, valid measures of PA and SB, this should not be interpreted as support 
for the notion that self-reported PA data is invalid or unimportant. On the contrary, the 
research implies that self-reported and objective measures of PA and SB measure different 
aspects of PA and SB. A complex construct, PA encompasses different dimensions 
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(including MVPA and PA energy expenditure), multiple contexts (for example transportation 
and occupation) and different types of PA such as muscle strengthening, aerobic and bone 
improvement (288). The complexity of this construct and the wide variety of applications for 
PA measurement in epidemiological, clinical and intervention research suggest that a single, 
comprehensive measure of PA may in fact not be achievable (288). While it is apparent that 
continued methodological research is essential, improvements are being made with 
approaches that combine self-reporting with objective measures, including accelerometers, 
heart rate monitoring (with the self-reporting of purpose and context in ‘real time’) and 
geographical location sensors (288). In the meantime, it is important for researchers using 
self-reported measures of PA in future studies, to understand that self-reported PA may not 
accurately reflect the details of behaviour being sought (288). These findings further 
corroborates that the assessment of SB requires more research. SB is multifaceted and to 
provide an overall estimate of time in SB, the combination of self-reporting, 
accelerometers/inclinometers and heart rate monitoring would be useful in future studies 
assessing SB (289).  
8.1.2 Self-reported and objectively assessed physical activity and sedentary behaviour 
and their socio-demographic correlates  
In recent years the literature concerned with the levels of PA and SB among adolescents 
in the Middle East has grown, but many gaps remain in our knowledge. Our current 
understanding of the reasons why some adolescents in the Middle East are more physically 
active than others or more sedentary than others is limited. Therefore, Chapter 5 aimed to 
describe the self-reported and accelerometer based PA and SB profiles of adolescents in 
Kuwait and examined the sociodemographic correlates of accelerometer based PA and SB.  
 
Four hypotheses were tested, as reported in Chapter 5. The data supported the first 
two hypotheses. The school sample of Kuwaiti adolescents did not meet the PA 
recommendations and SB guidelines set out by international agencies. In fact, the 
accelerometer based PA levels were among the lowest of those that were compared to levels 
in Western countries. The data also supported the third hypothesis, since age had a positive 
association with accelerometer based SB. The fourth hypothesis was rejected since SES was 
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not associated with PA or SB. These findings have important implications for PA and SB 
research in the Middle East, and for Kuwait in particular. Adolescence is a crucial stage 
where individuals develop their own behaviours and lifestyles, which track into adulthood 
(14). This research indicates that the PA and SB profiles of this sample of adolescents in 
Kuwait are grim and in need of major public health intervention. A major public health plan 
is needed to promote PA and reduce SB among adolescents in Kuwait particularly among 
older girls. First, the derived PA and SB profiles can act as a general template during the 
planning of the PA and SB intervention programme. In terms of total PA volume, the 
compliance of adolescents with the latest PA guidelines for young people is a realistic, PA-
related goal. Particular domains of PA, such as transport may be target periods for the 
enhancement of PA. The importance of the time spent in school should also be emphasised, 
because research has shown that substantial amounts of PA can be performed during there 
(290). Research has suggested that, that all the various PA policies examined mandatory 
physical education, active commuting and classroom activity breaks have the greatest effect 
in promoting PA (290). The information generated from this research can be used by 
policymakers in Kuwait along with feasibility, population reach and cost estimates to identify 
the best options for PA promotion among young people in Kuwait. Moreover, policymakers 
in Kuwait ought to determine the potential barriers to PA in Kuwait. Several hurdles 
including various cultural norms in Kuwaiti society, the harsh climate and parental concerns 
may have played a crucial role in discouraging the levels of PA and encouraging SB among 
adolescents. Other potential barriers and feasible solutions may be ascertained through 
questionnaires and focus group discussions with parents, teachers and young people. Equally, 
an action plan should be devised to displace SB with more active substitutes or simply reduce 
the amounts of time spent on popular SB pursuits for example limiting TV viewing and 
computer use to less than two hours per day. Not only might this increase the opportunity to 
be more active but it might possibly impact on the pursuit of unfavourable dietary habits 
(291). Furthermore, the targeted profiling of distinct age groups (older adolescent girls) 
would permit a more efficient allocation of human and time resources during the PA and SB 
intervention programme. The current PA and SB levels of adolescents cause concern and the 
data underscore the need to explore other potential correlates of PA and SB.  
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The findings in this study  have important implications for PA and SB research in the 
Middle East owing to the inconsistency of the self-reported  and objective measures. In 
Chapter 5 it was evident that adolescents are inaccurate in their estimations of PA and SB 
when compared to objectively measured PA and SB. They both over-estimated (PA) and 
under-estimated (SB) when they self-reported these two totals compared with the data from 
accelerometer based PA and SB. These findings highlight the need for researchers studying 
PA and SB to be aware that the closeness of  the relationship between self-reported PA, SB 
and health-related outcomes may be over-estimated (or under-estimated) in studies based on 
self-reporting.  
8.1.3 Prevalence of adolescents overweight, obesity and the body fat percentage, waist 
circumference and blood pressure percentiles 
 Growing evidence suggests that obesity is increasingly prevalent in Arab countries 
including Kuwait. What are less evident are the studies evaluating the multiple indices of 
adiposity or cardiometabolic risk (BP). The lack of multiple measures of adiposity may 
provide an insight into the null associations between them and the PA and SB reported in 
recent studies. As a result, Chapter 6 described the prevalence of overweight and obesity and 
the distribution of adiposity using three indices of adiposity. The distribution of BP was also 
explored in Chapter 6. 
 
In Chapter 6, the previous findings describing the prevalence of overweight and obesity 
in Kuwait were corroborated. In this sample of adolescents, the prevalence of overweight and 
obesity, compared to these in neighbouring countries, was among the highest. An urgent plan 
of action to combat and prevent obesity in Arab countries, most urgently Kuwait should be 
developed and implemented (7). Obesity has become a major public health problem in 
Kuwait, creating an economic and health burden on governmental services (33). The lack of 
PA and increasing rates of SB are implicated as  more influential contributors to this problem 
(33). However,  new high quality research is warranted, which examines the association of 
PA and SB with adiposity, using large, nationally representative samples, comprehensive, 
valid measures of PA, SB  and several adiposity indices.  In the present research body fat 
percentages and waist circumferences increased with age and were markedly higher among 
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males. These findings emphasise that multiple indices of adiposity and BP are important 
markers of health and cardiometabolic risk factors among adolescents in Kuwait. Such 
relatively simple health indicators have potential use in clinical and epidemiological settings.  
8.1.4 The association of physical activity, sedentary behaviour with adiposity and 
blood pressure 
  It is uncertain why there has been mixed support for the association between PA and 
SB and obesity or adverse cardiometabolic outcomes. One possible explanation is the 
difference in methods used to assess PA and SB. Growing evidence suggests that 
accelerometer based PA and SB measures are cross-sectionally linked to better health 
outcomes. Less understood are the specific health parameters that are associated with 
increased PA levels or reduced SB. Therefore, Chapter 7 aimed at exploring the association 
of PA with multiple indices of adiposity as well as BP. Furthermore, the association of SB 
(independent of PA) with the adiposity indices and BP was explored in Chapter 7. The 
analysis tested four hypotheses. The four hypotheses tested in Chapter 7 were rejected. These 
results corroborate previous observational and experimental findings. Taken together, not all 
the hypotheses were supported by the data. Nonetheless, this work has shed light on 
previously unexplored associations between objectively measured PA, SB measures. Current 
evidence suggests that the association between PA and SB and cardiometabolic health 
outcomes is equivocal (103, 292). Therefore, to decisively test the hypothesis that reduced 
PA and elevated SB time leads to adverse health outcomes in young people, researchers need 
to overcome several challenges (293). These include, designing methodologically sound, 
robust studies, improving the measurement of exposure and determining the effects of PA 
and SB (293). To surmount the first hurdle, it will be necessary to explore the short- and 
long- term effects of different SB patterns through controlled experimental study designs so 
as to update the intervention programmes concerning the maximum duration of intervals of 
SB, optimal length and intensity of the breaks in SB (293).  
 
The second challenge is to measure adequately the time spent in PA and SB. This 
depends on the specific focus of the research, for example, whether it is concerned with 
sitting per se or with other specific types of SB (293). Currently most evidence describes SB 
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based on self-reported TV viewing or screen time (TV and personal computer use) which is a 
poor indicator of total SB time in young people (104, 294). Accelerometers and 
inclinometers are objective measures of PA and SB which represent an advance in the 
research examining the association between PA and SB and health outcomes. However these 
devices do not discriminate between specific types of SB such as the use of computers or 
watching TV or reading. In addition, the evidence for a standard protocol for  reducing 
accelerometer data is limited (295). This represents a major obstacle in finding the true 
association between PA and SB and adverse health outcomes and makes comparisons with 
other studies difficult (293).  
 
The last obstacle to overcome, is finding whether SB is associated with negative health 
independent of PA. While several studies adjust for MVPA, few have adjusted for light PA 
(including the present study). Additionally, studies assessing SB ought to differentiate 
between different SB patterns. Studies that have assessed the association of SB with 
cardiometabolic risk factors among adults reveal uninterrupted, prolonged sitting to be the 
culprit associated with adverse health outcomes and not total SB time which may very well 
be the case for young people as well (293, 296, 297).  The aforementioned concerns may 
very well be likely explanations for the null association between SB with adiposity and blood 
pressure found in the present study. 
 
The poor exposure to daily MVPA among adolescents in Kuwait may very well be a 
possible explanation for the null association between PA with adiposity and BP found in the 
present study. This may be a result of several factors, including culturally related aspects 
(limited opportunities for PA, parental support for educational achievement) and the ease of 
acquiring technologically advanced gadgets (involving digital media).  Although current 
research suggests inconsistent evidence on the association between SB and adverse health 
outcomes (293), in light of the findings in the present study,  there may be no harm in 
developing guidelines to reduce SB (focusing most on leisure-time SB patterns) and 
policymakers in Kuwait should bear in mind the evidence gathered in the present study.  
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8.2 Methodological limitations  
 
 The findings in this study have to be interpreted in light of their limitations. First of 
all, this study is cross-sectional in design, so casual inferences cannot be made. Second, due 
to time constraints data, were not sought from all the governorates in Kuwait, thereby 
reducing the power of the study and its representativeness. Some of the analytical choices 
made in this study were data driven, namely the inclusion of participants with at least one 
valid day of accelerometer data in all the analyses. To obtain a better idea of habitual PA and 
SB among young people, previous studies recommend at least five to seven valid days 
(including one weekend day) of accelerometer data (139, 159). Furthermore, the study did 
not differentiate weekday and weekend patterns as advised by the previous literature (159). 
Future research should also consider the need to examine the importance of impact on health 
outcomes of all intensities of PA, above all light-intensity and standing, since individuals 
may be more willing to trade SB activities with standing or light-intensity activities and the 
rapid advance of objective measures of PA and SB shows potential in exploring daily PA in 
depth (298). The uniaxial accelerometer used in this study does not differentiate between 
sitting and standing, which may have affected SB outcomes. Last, pubertal development (a 
factor which influences physiological processes (225)) was for cultural reasons not assessed 
in this study.   
8.3 Conclusions 
 
This thesis attempted to shed light on previously unexplored aspects of the PA and SB of 
young people in Kuwait. Each of the chapters included in this thesis suggests a number of 
different avenues for future research. It is important to be aware that young people’s 
estimation of PA and SB may be biased. However, combining different measures of PA and 
SB is more informative than relying on either one alone and is warranted for future studies 
assessing PA and SB levels among adolescents in the Middle East. More up-to-date ways of 
measuring PA, SB such as accelerometers have  potential use in future studies in this region. 
The PA and SB levels evident in this study shed light on the importance of devising an 
immediate, action plan to promote PA and reduce SB levels among adolescents in Kuwait.  
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Chapter 9 : Epilogue 
 
The Study of Health and Activity among Adolescents in Kuwait was a novel venture 
within the context of Kuwait and the Middle East. As this was the first study to use 
accelerometry to assess PA and SB, the project highlighted several key learning issues. The 
aim of this chapter is to outline the accelerometry related limitations and difficulties 
encountered throughout the research process. This chapter is divided into four sections. The 
first section describes the issues related to linking the accelerometer data with the participant. 
The second section covers the difficulties encountered during the accelerometer handling 
procedure. The third section outlines the issues of accelerometer turnover, adherence and 
retrieval. The last section submits some conclusions.  
9.1 Linking the accelerometer data with the participant 
 
During the initial months of the data collection, the researcher realised that the first method 
chosen to link the accelerometer data with the participants’ self-administered questionnaire 
was flawed. To begin with, each accelerometer bore a sticker marked with the serial number 
of participant’s questionnaire. Upon returning the accelerometer, the researcher would 
download the accelerometer data to the computer software and enter the questionnaire serial 
number manually in the file created for his/her data. This method proved faulty because it 
was noted that some participants returned the accelerometer without its serial number sticker. 
As a result, the researcher would refer to the document that contained the participant’s name, 
the accelerometer device number (a number found encased inside the device) and the serial 
number of the questionnaire kept for accelerometer retrieval purposes. This method proved 
tedious and time consuming. For this reason, the day before the next school field visit, the 
researcher pre-recorded the questionnaires with their appropriate serial number and registered 
the same questionnaire serial number to the accelerometer during the initialisation process. 
Then the researcher placed the stickers with the designated serial numbers beside 
accelerometers so that each one would be handed to the participant whose serial number 
matched it. This method proved more efficient than the previous method had, because it 
relied on the sticker only on the day of the field visit and not for the linking process 
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afterwards and it did not require the serial number to be retrospectively entered  on the 
computer software. Researchers who contemplate a study using accelerometry in the Middle 
East may want to consider the issue of linkage, in particular if the sample size is large, and to 
make use of the solution suggested above. 
9.2 Accelerometry handling issues   
 
It was noted that the girls in particular were self-conscious about wearing the 
accelerometers over their clothing (as Middle Eastern culture requires). They preferred 
wearing the accelerometer under their clothing. Furthermore, the accelerometers 
continuously emitted flashes of light as a reminder, when they were taken off, to put them on 
again. However, the girls relayed that they were aware that the accelerometers were flashing 
under their clothing and did not like it. However, the flashing light can be turned off during 
the accelerometer initialisation process. Future researchers conducting PA studies in the 
Middle East may want to take this matter into consideration as well. It should be noted that, 
this concern applied to girls alone. It was not an  issue with the boys, who had no problem 
with the accelerometers over or under their clothing and did not complain of the flashing 
light.  
9.3 Accelerometer turnover, adherence and retrieval issues 
 
Delays in the field work were primarily due to the long turnover rate of the 
accelerometers. According to studies conducted primarily in Western countries that use 
accelerometry, the turnover rate for accelerometers was anticipated to be two to three weeks. 
However, the findings in this study revealed that the turnover rate for accelerometers was at 
least three to four weeks. This may be due to the more relaxed and carefree nature of the 
students in Kuwait. Although the participants were reminded several times in the course of 
the data collection about the importance of returning the accelerometers on time, many failed 
to do so after one week. One solution for the poor accelerometer turnover rate was to 
increase the number of accelerometers and provide an incentive for any participant who 
returned theirs on time. The researcher had access at first to 60 accelerometers but this later 
(midway through data collection) increased to 120 accelerometers for the remainder of the 
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study. Even so, despite the addition of the incentive and with double the number of 
accelerometers, the fieldwork for the sample size specified could not be completed within the 
given timeframe. In light of this, researchers attempting to conduct PA studies using 
accelerometry in the Middle East may wish to consider this issue and think about having a 
larger bank of accelerometers; or else they should attempt to reduce the turnover rate by 
other means.  
 
Another difficulty encountered during the data collection was the low accelerometer 
adherence rate. The findings in this study revealed that the accelerometer adherence was 
lower than the adherence rates in studies conducted in Western countries. This was 
particularly apparent for adhering to it for seven days, the proposed wear time of the 
accelerometer. This study found that 11% had accelerometer data for seven valid days, which 
is a great deal lower than observations made in previous studies conducted in Western 
countries (where accelerometer adherence for seven valid days range from 50%-80%). 
Although the researcher added a midweek phone-call as a reminder to the participants to 
wear their accelerometers, future researchers may wish to think of adding a financial 
incentive to participants, earned by meeting the seven day wearing time criteria. Another 
solution that future researchers may consider is to involve the parents or the school in 
instilling the importance of wearing the accelerometer for the full week. This may entail 
awarding school merit marks to compliant participants or offering a financial incentive to 
schools or parents or both. It is worthwhile to experiment in future studies with these 
proposed solutions, to learn which ways of strengthening accelerometer adherence may work 
in Kuwait.   
 
The last accelerometer related difficulty that the researcher faced during the data 
collection was returning the accelerometers on time. Studies conducted in Western countries 
tend to retrieve the accelerometers through the post or in boxes placed in the schools where 
participants could drop the accelerometers after use. However, before the present study 
began, these methods were both deemed unfeasible due to the unreliable state-run postal 
service in Kuwait and the impracticality of installing boxes in numerous classrooms in 
various schools. This issue was somewhat resolved by designating a series of school 
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coordinators who would be responsible for the  returning of the accelerometers. However, if 
a student repeatedly failed to return an accelerometer, the researcher was obliged to pay a 
visit to his/her home to retrieve it. Future researchers would do well to weigh up other 
options for dealing with this obstacle. Proposed solutions include involving the school and 
the parents after they had agreed to participate, by explaining to them before the data 
collection of the importance of adhering to the accelerometer wear time protocol and of  
returning of the devices on time. The study emphasised to the participants alone the 
importance of accelerometer adherence and return; hence, it may be inferred, that is future 
studies should also involve the schools and the parents.  
9.4 Conclusion  
 
As the first study to use accelerometry, this study found that it has great potential as 
an objective measure of PA and SB in studies based in the Middle East and may be used in a 
wide age range in children and adolescents. This work, within its limitations will contribute 
to a better understanding of the PA and SB patterns of young people. This chapter has set out 
some key accelerometry related issues learned during the research process and it is hoped, 
has provided an insightful view that help those who are considering a similar project in the 
same geographical and environmental setting.  
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Appendices 
 
Appendix 1 Literature review methodology 
 
Review methodology 
Population 
The population under focus were children and adolescents of school age. 
Databases and search strategies 
The literature searches involved electronic (Pubmed) and manual sources. 
The literature search conducted through Pubmed used the following [MeSH] and 
title/abstract (tiab) search terms: 
 “physical activity” or synonymous  
 “sedentary behaviour” or synonymous  
 “accelerometry” or synonymous 
 “child” or synonymous 
 “adolescent” or synonymous   
 “Middle East” or synonymous 
 “sociodemographic correlates” or synonymous 
 “obesity/overweight” or synonymous  
 “adiposity indices” or synonymous  
 “blood pressure” or synonymous 
 
In the first stage, each term was entered separately and subsequently combined with 
corresponding synonyms through Pubmed ‘Advanced’ method using the Boolean operator 
(OR).  Secondly, according to the objectives of SHAAK, the combination of relevant terms 
were entered through Pubmed ‘Advanced’ method using the Boolean operator (AND). 
 
 
The following five general search structures corresponding to the objectives of SHAAK  
were entered in the ‘Advanced’ Pubmed search: 
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1. (“physical activity” or synonymous) OR (“sedentary behaviour” or synonymous) 
AND (“accelerometry” or synonymous) AND (“child/adolescent or synonymous) 
AND (“Middle East” or synonymous) 
2. (“physical activity” or synonymous) OR (“sedentary behaviour” or synonymous) 
AND (“sociodemographic correlates” or synonymous) AND (“child/adolescence” or 
synonymous) AND (“Middle East” or synonymous) 
3. (“obesity/overweight” or synonymous) AND (“childhood/adolescence” or 
synonymous) AND (“Middle East” or synonymous) 
4. (“physical activity” or synonymous) OR (“sedentary behaviour” or synonymous) 
AND (“childhood/adolescence” or synonymous) AND (“adiposity indicators” or 
synonymous) AND (“Middle East” or synonymous) 
5. (“physical activity” or synonymous” OR (“sedentary behaviour” or synonymous” 
AND (“childhood/adolescence” or synonymous) AND (“blood pressure” or 
synonymous) AND (“Middle East” or synonymous) 
Manual sources 
 Reference lists of identified papers 
The retrieval of studies from reference lists of other published material was in progress until 
the last stage of this upgrade report. 
Search results 
Electronic searches were updated in August  2014. The electronic searches yielded the  
following results which are  presented in Table 1. 
 
Table 1. Pubmed strategy and search results: 
General 
structure 
number 
Search Terms [MeSH] and (tiab) No. of 
search 
hits 
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1 
(only self 
report ) 
Search ((((((((((("Child"[Mesh]) OR "Adolescent"[Mesh])) OR youth[ti]) OR 
child*[ti]) OR teenage*[ti]) OR adolescen*[ti]) OR preschool*[ti])) AND 
(((((((((((((((((((((((("Motor Activity"[Mesh]) OR physical activity[ti]) OR 
physical fitness[ti]) OR "Physical Fitness"[Mesh]) OR excercise[ti]) OR 
physical inactivity[ti]) OR sedentary[ti]) OR "Television/utilization"[Mesh]) 
OR "Multimedia/utilization"[Mesh]) OR entertainment media[ti]) OR media 
use[ti]) OR active behaviour[ti]) OR inactive behaviour[ti]) OR inactive 
behavior[ti]) OR active behavior[ti]) OR sedentariness[ti]) OR sedentarism[ti]) 
OR sedentary behaviour[ti]) OR sitting[ti]) OR leisure time[ti]) OR computer 
use[ti]) OR sedentary behavior[ti]) OR "Mass Media/utilization"[Mesh]) OR 
"Leisure Activities"[Mesh])) AND (((((self report*[tiab]) OR self 
administer*[tiab]) OR activity diar*[tiab]) OR activity log*[tiab]) OR 
questionairre*[tiab])) AND (((("Middle East"[Mesh]) OR "Arabs"[Mesh]) OR 
middle east[tiab]) OR arab countr*[tiab]) 
29 
1*  ((((((((((("Child"[Mesh]) OR "Adolescent"[Mesh])) OR youth[ti]) OR 
child*[ti]) OR teenage*[ti]) OR adolescen*[ti]) OR preschool*[ti])) AND 
(((((((((((((((((((((((("Motor Activity"[Mesh]) OR physical activity[ti]) OR 
physical fitness[ti]) OR "Physical Fitness"[Mesh]) OR excercise[ti]) OR 
physical inactivity[ti]) OR sedentary[ti]) OR "Television/utilization"[Mesh]) 
OR "Multimedia/utilization"[Mesh]) OR entertainment media[ti]) OR media 
use[ti]) OR active behaviour[ti]) OR inactive behaviour[ti]) OR inactive 
behavior[ti]) OR active behavior[ti]) OR sedentariness[ti]) OR sedentarism[ti]) 
OR sedentary behaviour[ti]) OR sitting[ti]) OR leisure time[ti]) OR computer 
use[ti]) OR sedentary behavior[ti]) OR "Mass Media/utilization"[Mesh]) OR 
"Leisure Activities"[Mesh])) AND ((((actigraph*[tiab]) OR heart rate 
monitor*[tiab]) OR pedomet*[tiab]) OR acceleromet*[tiab])) AND 
(((("Middle East"[Mesh]) OR "Arabs"[Mesh]) OR middle east[tiab]) OR arab 
countr*[tiab]) 
6 
1**  (((((((((((("Child"[Mesh]) OR "Adolescent"[Mesh])) OR youth[ti]) OR 
child*[ti]) OR teenage*[ti]) OR adolescen*[ti]) OR preschool*[ti]) OR 
young*[ti])) AND (((((((((((((((((((((((("Motor Activity"[Mesh]) OR physical 
activity[ti]) OR physical fitness[ti]) OR "Physical Fitness"[Mesh]) OR 
excercise[ti]) OR physical inactivity[ti]) OR sedentary[ti]) OR 
"Television/utilization"[Mesh]) OR "Multimedia/utilization"[Mesh]) OR 
entertainment media[ti]) OR media use[ti]) OR active behaviour[ti]) OR 
inactive behaviour[ti]) OR inactive behavior[ti]) OR active behavior[ti]) OR 
sedentariness[ti]) OR sedentarism[ti]) OR sedentary behaviour[ti]) OR 
335 
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sitting[ti]) OR leisure time[ti]) OR computer use[ti]) OR sedentary 
behavior[ti]) OR "Mass Media/utilization"[Mesh]) OR "Leisure 
Activities"[Mesh])) AND ((((actigraph*[tiab]) OR heart rate monitor*[tiab]) 
OR pedomet*[tiab]) OR acceleromet*[tiab])) AND (((((self report*[tiab]) OR 
self administer*[tiab]) OR activity diar*[tiab]) OR activity log*[tiab]) OR 
questionairre*[tiab]) 
2 
 
 
 
 
 
 
 
 
(((((((((((("Child"[Mesh]) OR "Adolescent"[Mesh])) OR youth[ti]) OR 
child*[ti]) OR teenage*[ti]) OR adolescen*[ti]) OR preschool*[ti]) OR 
young*[ti])) AND (((((((((((((((((((((((("Motor Activity"[Mesh]) OR physical 
activity[ti]) OR physical fitness[ti]) OR "Physical Fitness"[Mesh]) OR 
excercise[ti]) OR physical inactivity[ti]) OR sedentary[ti]) OR 
"Television/utilization"[Mesh]) OR "Multimedia/utilization"[Mesh]) OR 
entertainment media[ti]) OR media use[ti]) OR active behaviour[ti]) OR 
inactive behaviour[ti]) OR inactive behavior[ti]) OR active behavior[ti]) OR 
sedentariness[ti]) OR sedentarism[ti]) OR sedentary behaviour[ti]) OR 
sitting[ti]) OR leisure time[ti]) OR computer use[ti]) OR sedentary 
behavior[ti]) OR "Mass Media/utilization"[Mesh]) OR "Leisure 
Activities"[Mesh])) AND (((("Middle East"[Mesh]) OR "Arabs"[Mesh]) OR 
middle east[tiab]) OR arab countr*[tiab])) AND (((((((((((demographic 
factor*[tiab]) OR determinant*[tiab]) OR correlate*[tiab]) OR socioeconomic 
factor*[tiab]) OR biological factor*[tiab]) OR "Behavior"[Mesh]) OR 
"Adolescent Behavior"[Mesh]) OR "Health Behavior"[Mesh]) OR "social 
Behavior"[Mesh]) OR "Social Behavior"[Mesh]) OR "Life Style"[Mesh]) 
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3 (((((("Obesity"[Mesh]) OR "Overweight"[Mesh]) OR obes*[tiab]) OR 
overweight[tiab])) AND (((("Middle East"[Mesh]) OR "Arabs"[Mesh]) OR 
middle east[tiab]) OR arab countr*[tiab])) AND (Search 
(((((((("Child"[Mesh]) OR "Adolescent"[Mesh])) OR youth[ti]) OR child*[ti]) 
OR teenage*[ti]) OR adolescen*[ti]) OR preschool*[ti]) OR young*[ti]) 
45 
4 (((((((((((((((("Body Mass Index"[Mesh]) OR "Body Composition"[Mesh]) OR 
"Anthropometry"[Mesh]) OR "Waist Circumference"[Mesh]) OR "Skinfold 
Thickness"[Mesh]) OR body mass index[tiab]) OR body fat[tiab]) OR skin 
fold[tiab]) OR waist circumference[tiab]) OR abdominal obes*[tiab]) OR 
anthropomet*[tiab]) OR bioelectric impedance*[tiab]) OR bmi[tiab])) AND 
((((((((((((("Child"[Mesh]) OR "Adolescent"[Mesh])) OR youth[ti]) OR 
child*[ti]) OR teenage*[ti]) OR adolescen*[ti]) OR preschool*[ti]) OR 
young*[ti])) AND (((((((((((((((((((((((("Motor Activity"[Mesh]) OR physical 
activity[ti]) OR physical fitness[ti]) OR "Physical Fitness"[Mesh]) OR 
2 
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excercise[ti]) OR physical inactivity[ti]) OR sedentary[ti]) OR 
"Television/utilization"[Mesh]) OR "Multimedia/utilization"[Mesh]) OR 
entertainment media[ti]) OR media use[ti]) OR active behaviour[ti]) OR 
inactive behaviour[ti]) OR inactive behavior[ti]) OR active behavior[ti]) OR 
sedentariness[ti]) OR sedentarism[ti]) OR sedentary behaviour[ti]) OR 
sitting[ti]) OR leisure time[ti]) OR computer use[ti]) OR sedentary 
behavior[ti]) OR "Mass Media/utilization"[Mesh]) OR "Leisure 
Activities"[Mesh])) AND ((((actigraph*[tiab]) OR heart rate monitor*[tiab]) 
OR pedomet*[tiab]) OR acceleromet*[tiab])) AND (((((self report*[tiab]) OR 
self administer*[tiab]) OR activity diar*[tiab]) OR activity log*[tiab]) OR 
questionairre*[tiab])))) AND ((((("Middle East"[Mesh]) OR "Arabs"[Mesh]) 
OR middle east[tiab]) OR arab countr*[tiab]) OR arab*[tiab]) 
4** (((((((((((((("Body Mass Index"[Mesh]) OR "Body Composition"[Mesh]) OR 
"Anthropometry"[Mesh]) OR "Waist Circumference"[Mesh]) OR "Skinfold 
Thickness"[Mesh]) OR body mass index[tiab]) OR body fat[tiab]) OR skin 
fold[tiab]) OR waist circumference[tiab]) OR abdominal obes*[tiab]) OR 
anthropomet*[tiab]) OR bioelectric impedance*[tiab]) OR bmi[tiab])) AND 
((((((((((((("Child"[Mesh]) OR "Adolescent"[Mesh])) OR youth[ti]) OR 
child*[ti]) OR teenage*[ti]) OR adolescen*[ti]) OR preschool*[ti]) OR 
young*[ti])) AND (((((((((((((((((((((((("Motor Activity"[Mesh]) OR physical 
activity[ti]) OR physical fitness[ti]) OR "Physical Fitness"[Mesh]) OR 
excercise[ti]) OR physical inactivity[ti]) OR sedentary[ti]) OR 
"Television/utilization"[Mesh]) OR "Multimedia/utilization"[Mesh]) OR 
entertainment media[ti]) OR media use[ti]) OR active behaviour[ti]) OR 
inactive behaviour[ti]) OR inactive behavior[ti]) OR active behavior[ti]) OR 
sedentariness[ti]) OR sedentarism[ti]) OR sedentary behaviour[ti]) OR 
sitting[ti]) OR leisure time[ti]) OR computer use[ti]) OR sedentary 
behavior[ti]) OR "Mass Media/utilization"[Mesh]) OR "Leisure 
Activities"[Mesh])) AND ((((actigraph*[tiab]) OR heart rate monitor*[tiab]) 
OR pedomet*[tiab]) OR acceleromet*[tiab])) AND (((((self report*[tiab]) OR 
self administer*[tiab]) OR activity diar*[tiab]) OR activity log*[tiab]) OR 
questionairre*[tiab])) 
123 
5 
 
 
 
((((Search (((((((((("Child"[Mesh]) OR "Adolescent"[Mesh])) OR youth[ti]) 
OR child*[ti]) OR teenage*[ti]) OR adolescen*[ti]) OR preschool*[ti]) OR 
young*[ti])) AND (((((((((((((((((((((((("Motor Activity"[Mesh]) OR physical 
activity[ti]) OR physical fitness[ti]) OR "Physical Fitness"[Mesh]) OR 
excercise[ti]) OR physical inactivity[ti]) OR sedentary[ti]) OR 
0 
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"Television/utilization"[Mesh]) OR "Multimedia/utilization"[Mesh]) OR 
entertainment media[ti]) OR media use[ti]) OR active behaviour[ti]) OR 
inactive behaviour[ti]) OR inactive behavior[ti]) OR active behavior[ti]) OR 
sedentariness[ti]) OR sedentarism[ti]) OR sedentary behaviour[ti]) OR 
sitting[ti]) OR leisure time[ti]) OR computer use[ti]) OR sedentary 
behavior[ti]) OR "Mass Media/utilization"[Mesh]) OR "Leisure 
Activities"[Mesh]))) AND ((((((((blood pressure[tiab]) OR "Blood 
Pressure"[Mesh]) OR "Hypertension"[Mesh]) OR "Prehypertension"[Mesh]) 
OR "Prehypertension"[tiab]) OR hypertension[tiab]) OR metabolic 
syndrome[tiab]) OR "Metabolic Syndrome X"[Mesh]))) AND ((((("Middle 
East"[Mesh]) OR "Arabs"[Mesh]) OR middle east[tiab]) OR arab 
countr*[tiab]) OR arab*[tiab]) 
5** Search (((((((((blood pressure[tiab]) OR "Blood Pressure"[Mesh]) OR 
"Hypertension"[Mesh]) OR "Prehypertension"[Mesh]) OR 
"Prehypertension"[tiab]) OR hypertension[tiab]) OR metabolic 
syndrome[tiab]) OR "Metabolic Syndrome X"[Mesh])) AND 
((((((((((((("Child"[Mesh]) OR "Adolescent"[Mesh])) OR youth[ti]) OR 
child*[ti]) OR teenage*[ti]) OR adolescen*[ti]) OR preschool*[ti]) OR 
young*[ti])) AND (((((((((((((((((((((((("Motor Activity"[Mesh]) OR physical 
activity[ti]) OR physical fitness[ti]) OR "Physical Fitness"[Mesh]) OR 
excercise[ti]) OR physical inactivity[ti]) OR sedentary[ti]) OR 
"Television/utilization"[Mesh]) OR "Multimedia/utilization"[Mesh]) OR 
entertainment media[ti]) OR media use[ti]) OR active behaviour[ti]) OR 
inactive behaviour[ti]) OR inactive behavior[ti]) OR active behavior[ti]) OR 
sedentariness[ti]) OR sedentarism[ti]) OR sedentary behaviour[ti]) OR 
sitting[ti]) OR leisure time[ti]) OR computer use[ti]) OR sedentary 
behavior[ti]) OR "Mass Media/utilization"[Mesh]) OR "Leisure 
Activities"[Mesh])) AND ((((actigraph*[tiab]) OR heart rate monitor*[tiab]) 
OR pedomet*[tiab]) OR acceleromet*[tiab])) AND (((((self report*[tiab]) OR 
self administer*[tiab]) OR activity diar*[tiab]) OR activity log*[tiab]) OR 
questionairre*[tiab])) 
12 
 
*”Acceleromtry” and synonyms added to search 
**”Middle East” and synonymous removed from search 
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Selection of studies 
Different types of studies were considered corresponding to each objective of SHAAK. 
 The general inclusion and exclusion criteria for the core parts of this review were the 
 following: 
 Only children of school age (4 years) and adolescents less than 19 years of age were 
considered for inclusion in the review. 
 When no studies in the Middle East or Arab countries were identified, studies from 
other countries were considered. A search without Middle East (or synonymous) was 
carried out, and priority was given to meta-analysis and systematic review articles. 
Grey literature was reviewed as well for relevant studies in the Middle East or Arab 
countries. 
 Only evidence dated 10 years or less was included in the main parts of the review, 
meaning studies that were published prior to 2003 were excluded
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Appendix 4 Parental consent form 
 
 
 
 
 842
 
 telfael noitamrofni tnedutS 5 xidneppA
 .دراسة عن الصحة والنشاط لدي المراهقين في الكويت
 
المعلومات سوف تستخدم لاستحداث  هذه .الدراسة تهدف لجمع بعض المعلومات عن صحة ونشاط المراهقين في الكويت
طرق جديدة وأفضل لمساعدة الناس على المحافظة على صحتهم ولتوفر الخدمات اللازمة للأشخاص الذين يعانون من 
سيتم قياس وتسجيل نشاطك  الذي، )أكتيجراف(الاعتلال ، كما سوف نزودك بجهاز صغير لقياس مدي نشاطك اليومي 
  .اليومي
 
  جراف؟ما هو جهاز الأكتي
وهو يقيس حركات الجسم أثناء النشاط اليومي المعتاد مثل المشي و . الأكتيجراف هو جهاز صغير يقيس نشاطك اليومي
  .الجهاز لا يقيس أي معلومات أخرى و لا يضر المشارك. الركض
  
 ماذا أفعل عند استلام الجهاز؟
الرجاء وضع الجهاز المزود على خصرك بواسطة . أيام 7سوف يطلب منك ارتداء الجهاز أثناء مده استيقاظك ، لمدة 
يستحسن أن ترتدي الجهاز تحت . الحزام المطاطي على الجانب الأيمن من جسمك و فوق الجانب الأيمن من الحوض
الرجاء عدم ارتداء الجهاز عند . ارتدي الجهاز عند الاستيقاظ في الصباح، واخلعه عندما تذهب إلى النوم. ملابسك
  .ام أو السباحة حيث أن الماء يمكن أن يتلف الجهازالاستحم
 
 ما أفعل بعد ارتداء الجهاز لمدة أسبوع؟
 
  .الرجاء المحافظة على الجهاز حتى موعد الاستلام. الباحث سوف يزور المدرسة لاستلام الجهاز من المشارك 
 
 
 
 
 شكرا على تعاونكم
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Appendix 6 Questionnaire 
Study Of Health And Activity Among Adolescents In Kuwait 
Questionnaire 
 
Please answer the following questions: 
I want to ask you some questions about yourself: 
2) School Grade: 
-7 (  ) -8 (  ) -9 (  ) -10 (  ) -11 (  ) -12 (  ) 
3) Date of birth: …../……../…… 
4) Gender: 
Male (  )           Female (  ) 
I want to ask you some questions about your family: 
 
5) What is your rank among brothers and sisters?    
Firstborn (  )            Middle (  )            Youngest (  )     Only child (  ) 
6) How many people live in your home including you? (not including domestic maid/s) …….... 
7) How many  bedrooms does your home have altogether?   …………………….. 
8) Do you share your bedroom with a sibling or a family member?    Yes (  )    No (  ) 
9) In your home do you live with ? 
Parents and siblings only (  )   More than one family together eg. grandparents (  )       Father only or mother only (  ) 
10) Is your home ? 
                                            Rented (  )              Owned (  )  
 
11) How many cars does your family own? …………….. 
 
12) How many people work in your home (including  maids, driver, gardener, and cook) ?............ 
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13) Father education: 
Illiterate (  ) Read and write (  ) Primary (  ) intermediate (  ) secondary (  )  university (  )
 higher (  ) 
14) What is your fathers job?.................................................... 
 
15) Mother education: 
Illiterate (  ) Read and write (  ) Primary (  )   intermediate (  )        secondary (  )        university (  ) higher (  ) 
 
16) What is your mothers job?................................................. 
 
 
I want to ask you some question about your health: 
 
17) Do you have allergies in your chest or asthma?     Yes (  ) No (  )   Do not know (  )  
18) Do you use an inhaler or nebulizer?    Yes (  )        No (  )  Do not know (  ) 
19) Do you have high blood sugar or Diabetes ? Yes (  ) No (  ) Do not know (  ) 
20) Do you suffer from any other health related problem ?   Yes (  )   No (  )  Do not know (  ) 
If yes mention the problem…………………………………………………………………………………………………… 
21) Did you suffer from any condition that has limited your physical activity the past 
week:………………………………………………………………………………………………………………………………….. 
22) Are you currently on a diet?  Yes (  ) No (  ) 
23) Did you ever go on a diet? Yes (  )      No (  )     If yes, mention why you stopped…………………….. 
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I would like to ask you some questions about your daily activity: 
25) How do you usually travel to and from school? 
Car (  ) 
Bus (  ) 
Walking (  ) 
Other (  ) mention……………………. 
26) What do you usually during the first school break (even if its eating)? 
Sit / talk / read (  ) 
Stand / Walk (  ) 
Run or play games (  ) 
27) What do you usually during the second school break (even if its eating)? 
Sit / talk / read (  ) 
Stand / Walk (  ) 
Run or play games (  ) 
28) During PE classes how often do you get out of breath ? 
Never (  ) 
Sometimes (  ) 
Most times (  ) 
I don’t take part in PE (  ) 
29) During the week days how many times a week do you participate in sport or exercise after 
school? 
I don’t participate (  ) 
Once a week (  ) 
Twice a week (  ) 
Three times per week (  ) 
More than three times a week (  )  
30) During the week end how many times a week do you participate in sport or exercise after 
school? 
I don’t participate (  ) 
Once a week (  ) 
Twice a week (  ) 
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Sport and exercise last week: 
31) Please tell us about all exercise and sports which you have done in the last week.  Look first to 
see which sorts of exercise you did and tick them in the left hand column.  Then tell us how many 
times you did each sort of exercise in the right hand column. 
EXERCISE OR 
SPORT 
TICK HERE IF YOU 
DID IT IN The LAST 
WEEK 
HOW MANY 
TIMES DID YOU 
DO IT IN THE 
LAST WEEK? 
How many hours 
and minutes did 
you do it the last 
week 
Basketball    
Running or 
jogging 
   
Cycling    
Dance    
Football    
Gymnastics    
Martial arts (e.g 
karate) 
   
Tennis    
Swimming    
Volleyball    
Walking fast    
Other (please say 
what)__________ 
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I want to ask you some questions about your activities at home: 
 
32) How many hours a day do you spend doing the following activities? Tick the right place 
Activity Don’t do this 
activity 
1 to 2 hours 2 to 3 hours More than 3 
hours 
Watching TV     
Playing non 
active games eg. 
Playstation 
    
Playing  active 
games eg. Wii 
    
Using computer     
Using social 
networks on 
mobile eg. 
facebook 
    
Doing homework     
Reading for 
leisure  
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I want to ask about your waking up and bedtime hours: 
33) On a week day, what time do you usually go to bed?............................................. 
34) On a week day, what time do you usually wake up?................................................ 
35) On the week end, what time do you usually go to bed?......................................... 
36) On the week end, what time do you usually wake up ?.......................................... 
 
I want to ask you some question about your food habits: 
37) Please complete the following table by ticking the right box: 
How often do 
you have ? 
Every day of 
the week  
     
Five or six 
times a week 
        
Three of four 
times 
       
Once or twice 
a week 
Never 
Breakfast      
Snacks (food 
between 
meals) 
     
Snack after 
dinner 
     
 
38) How many times do you eat fruit (not including juice)? 
Twice or more per day (  ) 
Once a day (  ) 
Less than once a day but at least once a week (  ) 
Less than once a week (  ) 
I don’t know (  ) 
 
39) How many times do you eat vegetables (not including potatoes)? 
Twice or more per day (  ) 
Once a day (  ) 
Less than once a day but at least once a week (  ) 
Less than once a week (  ) 
I don’t know (  )  
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40) How many times do you drink fresh fruit juice (not including nectar based)? 
Twice or more per day (  ) 
Once a day (  ) 
Less than once a day but at least once a week (  ) 
Less than once a week (  ) 
I don’t know (  ) 
 
41) How many times do you drink nectar based fruit juice? 
Twice or more per day (  ) 
Once a day (  ) 
Less than once a day but at least once a week (  ) 
Less than once a week (  ) 
I don’t know (  ) 
 
42) How many times do you drink soft drinks eg. Pepsi, cola, ? 
Twice or more per day (  ) 
Once a day (  ) 
Less than once a day but at least once a week (  ) 
Less than once a week (  ) 
I don’t know (  ) 
 
Smoking: 
 
43) Do you currently smoke?    Yes (  )       No (   ) 
 
44) Now read the following statements and tick the one that suits you, choose one only: 
I usually smoke more than 6 cigarettes a week (  ) 
I usually smoke 1-6 cigarettes a week (  ) 
I used to smoke but no longer do (  ) 
I tried to smoke once before (  ) 
I have never smoked (  ) 
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45)  STRENGTHS AND DIFFICULTIES 
 Not  
True 
Somewhat True Certainly True 
I am considerate of other people's feelings    
I am restless.  I cannot stay still for long    
I get a lot of headaches, stomach-aches or sickness    
I usually share with others (food, games, pens etc.)    
I get very angry and often lose my temper    
I usually do as I am told    
I worry a lot    
I am helpful if someone is hurt, upset or feeling ill    
I am constantly fidgeting or squirming    
I have at least one good friend    
I fight a lot.  I can make other people do what I want    
I am very often unhappy, down hearted or tearful    
Other people my age generally like me    
I am easily distracted,  I find it difficult to concentrate    
I am nervous in new situations.  I easily lose confidence    
I am kind to younger children     
I am often accused of lying or cheating    
Other children or young people pick on me or bully me    
I often volunteer to help others (parents, teachers, children)    
I think things out before acting    
I get on better with adults than with people my own age    
I have many fears, I am easily scared    
I see tasks through to the end. My attention is good.    
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Measurements: All are taken twice except for weight and height 
 
Weight   /  KG                     
Height   /  cm 
Waist circumference   / cm 
Hip circumference/cm                                               
                                              
Bioimpedance                              
Blood Pressure                                                    
 
 
 
 
 
 
 
 
 
Appendix 7 Physical examination measurement protocol 
 
Measurement Protocols 
Weight 
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Exclusion criteria: Weight is not measured for wheel chair bound individuals or persons who have 
difficulty standing steady; for the latter group, self reported weight is acceptable and it must be 
specified that it is self reported in the collection form. 
Time of measurement: The measurement will take about 3 minutes. 
Equipment  
 An electronic scale that has been issued an examination certificate for medical use. This 
scale can be calibrated. 
 Several calibrated weights (e.g. 10 kg or 20 kg each) that can be combined to give test 
weights between 50-100 kg. 
Measurement Protocol 
The scale should be placed on a hard floor surface (not on a floor which is carpeted or otherwise 
covered with soft material). If there is no such floor available, a hard wooden platform should be 
placed under the scale.  
Calibration of scale 
Calibration should be done at the beginning  and end of each examination day. 
The scale is checked using the standardized weights and calibration is corrected if the error is 
greater than 0.2 kg. The results of the checking and the recalibrations are recorded in a log 
book. The balanced beam scale is balanced with both sliding weights at zero and the balance 
bar aligned. To calibrate an electronic scale depends on the gravity in each location. 
Therefore its calibration is particularly important whenever a new examination site is set up. 
Protocol for measuring weight 
 Participants are asked to remove their heavy outer garments (jacket, coat) and shoes. They 
should empty their pockets. 
 The participant stands in the centre of the platform, weight distributes evenly on both feet 
(standing off-centre may affect measurements). 
 If the persons weight exceeds the maximum of the scale, the self-reported weight is 
acceptable and recorded on the questionnaire. 
 The weight is recorded to the resolution the scale (the nearest 0.1 kg or 0.2 kg) 
 
Height 
Exclusion criteria: Height is not measured for wheel chair bound persons, persons who have 
difficulty standing straight or persons with a hairstyle that prevents proper use of the equipment 
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(e.g. Afro or Mowhawk); for the latter group, self reported height is acceptable, and that is self-
reported must be recorded on the data collection form. 
Time of measurement: The measurement of height will take about 3 minutes. 
Equipment 
 The most reliable device for measuring height is the portable stadiometer. This device can 
be used in different settings, including ,mobile units, and it can be adjusted to surfaces that 
are not completely flat. 
 Carpenters’ level. 
 Calibrated length rods of 150 and 200 cm. 
 
Setting up the measurement site 
For measuring height with the stadiometer, the highest rule is taped vertically to the hard flat wall 
surface with the base at floor level. A carpenter level is used to check the vertical placement of the 
rule. 
The floor surface next to the height rule must be hard. If no such floor is available, a hard wooden 
platform should be placed under the base of the height rule. 
Calibration of height rule 
At the beginning and end of each examination day, the height rule should be checked with 
standardized rods and corrected if the error is greater than 2mm. The results of the checking and 
recalibrations are recorded in the log book. 
Protocol for measuring height 
1. Participants are asked to remove their shoes, heavy outer garments and hair ornaments. 
2. The participant is asked to stand with his/her back to the height rule. The back of the head, 
back, buttocks, calves, and heels should be touching the stadiometer, feet together. The top 
of the external auditory meatus (ear canal) should be level with the inferior margin of the 
bony orbit (cheek bone). The participant is asked to look straight. 
3. The head piece of the stadiometer or the sliding part of the measuring rod is lowered so 
that the hair is pressed flat. 
4. Height is recorded to the resolution of the height rule (i.e. nearest millimetre/half a 
centimetre). If the participant is taller than the measurer, the measurer should stand on a 
platform so that he/she can properly read the height rule. 
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5. If the person is taller than the maximum height of the stadiometer, the self reported height 
is acceptable and recorded on the data collection form. 
6. If a participant is excluded from height measurement, the reason should be recorded on the 
data collection form. 
 
Blood Pressure 
The measurement protocol for the automated blood pressure measurement device follows the 
WHO STEPS protocol. 
Exclusion criteria: None 
Time of measurement: It will take 15 minutes to measure the blood pressure. 
Preparation For The Measurement 
Basic conditions 
Before the blood pressure is measured, the following conditions should be met: 
1. The subject should abstain from eating, drinking (except water), smoking, or taking drugs 
that affect blood pressure, one hour before measurement. 
2. Because a full bladder affects blood pressure, it should be emptied. 
3. The subject should not undergo painful procedures or perform exercise one hour before 
measurement. 
4. The subject should sit quietly for about 5 minutes. 
5. The subject should remove outer garments and all other tight clothing. Sleeves should be 
rolled up so that the upper arm is bare. The remaining garments should not be constrictive, 
and the blood pressure cuff should be placed over the garment. 
6. Blood pressure should be measured in a quiet room with comfortable temperature ( the 
room temperature should be recorded). 
7. The time of day should be recorded. 
8. The person taking the actual measurement should be identified on data collection form. 
 
Position Of The Subject 
The subject should be in a sitting position so that the arm and back are supported. The subjects feet 
should be resting firmly on the floor, not dangling. If the subjects feet do not reach the floor, a 
platform should be used to support them. If the subject cannot sit and the measurement is taken on 
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supine posture, this should be recorded. If the blood pressure is measured using the left arm, this 
should be recorded on the data collection form. 
Position Of The Arm 
The measurements should be made on the right arm whenever possible. If not possible (e.g. the arm 
has been amputated or Hs rashes, adhesive dressing, casts, open sores, hematomas, wounds, 
arterovenous shunt or any other intravenous access device), the left arm should be used, and this 
should be recorded on the data collection form. 
The arm should be resting on the desk so that the antecubital fossa (a triangular cavity of the elbow 
joint tha contains a tendon of the biceps, the medial nerve, and the brachial artery) is at the level of 
the heart and palm is facing up. To achieve this position, either the chair should be adjusted or the 
arm on the desk should be raised (e.g. by using a pillow). The subject must always feel comfortable. 
Selection of the cuff 
The greatest circumference of the upper arm is measured using a non-elastic tape, with the arm 
relaxed and in the normal blood pressure measurement position (antecubital fossa at the level of 
the heart). The measurement should be read to the nearest centimeter and recorded. 
Select the correct cuff for the arm circumference and record the size of the selected cuff. The width 
of the bladder of the cuff should be at least 40% of the arm circumference and the length of the 
bladder at least 80% of the arm circumference. In the EHRM protocol, instructions are provided on 
how to determine the correct arm circumference for the different cuff sizes, for example: 
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Arm circumference Width of the bladder 0f the cuff 
≤ 25 cm 8 cm 
25 cm <arm circumference< 35cm 12 cm 
≥ 35  cm 16 cm 
 
The cuff should be placed on the arm so that its bottom edge is 2-3 cm above the antecubital fossa. 
The top edge of the cuff should not be restricted by clothing. 
A set of 3-4 cuffs with different should be available and special attention should be paid to using the 
proper cuff width in relation to arm size. The length of the bladder should be enough to encircle at 
least 75-80% of the arm, and the arm circumference should be measured midway between the axilla 
and the antecubital space of the upper arm, with the arm relaxed and in the normal blood pressure 
measurement position (antecubital fossa at the level of the heart), using a non-elastic tape. The 
measurement should be read to the nearest centimeter and recorded on the data collection form. 
Number of Measurements 
Two measurements should be taken, one minute apart. 
Automatic Blood Pressure Measurement 
Equipment 
For blood pressure the following equipment is required: 
 Automated blood pressure measurement device 
 3-4 cuffs 
 Non-elastic measuring tape 
Measurement Protocol 
1. Attach the air tube of the cuff to the air jack of the machine. The cuff must be airless. 
2. Open the battery compartment and insert batteries or use the adapter. 
3. Press the “On” button; all the symbols on the display will light up for approximately two 
seconds in order to check the display. 
4. All of the symbols then disappear and the air release symbol begins to flash. 
5. Wrap the cuff around the arm so that the colored band (indicating the centre of the 
bladder) is positioned 2-3 cm above the elbow joint on the inside of the arm. 
6. Close the cuff with the fabric fastener. The green area of the cuff must cover the brachial 
artery. 
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7. Push the start button: the device automatically determines the correct level of inflation 
pressure. 
8. When the target inflation values are reached, the air is automatically released. The value in 
the display counts downwards. 
9. As soon as the monitor no longer detects the pulse, the symbol begins to flash. 
10. When the monitor no longer detects the pulse while the cuff pressure is dropping, the 
systolic and diastolic pressure are displayed. 
11. After one minute, the second measurement is made by repeating steps 7-10. The subject 
should not change position during this wait. 
12. The subject may now be told the measurements 
 
Waist and Hip circumferences 
Exclusion criteria: Waist and hip circumferences are not measured for persons who are wheelchair 
bound or have difficulty standing straight. If the participant is immobile or refuses to have his/her 
waist or hip circumference measured, this fact should be recorded on the data collection form. Self-
reported waist or hip circumference is not acceptable. If the waist or hip circumference exceeds the 
length of the tape, this fact should be recorded on the data collection form, together with the 
maximum length of the tape. 
Time of measurements: The measurement will take about 5 minutes. 
Equipment 
 Constant tension tape, not stretchable 
Measurement protocol 
Setting up the measurement site 
A private area is necessary for this measurement. This could be a separate room or screened-off 
area. 
The full body length mirror is placed against the wall or, if it is a free-standing mirror, next to the 
spot where the measurement will be taken. Using the carpenters level. It should be verified that the 
gridlines on the mirror are horizontal. 
Checking the tape 
The length of the measuring tape is checked with the calibrated length rod (usually the 150 cm one) 
at least once per month. If the measuring tape is stretched, it should be replaced. 
Protocol for measuring waist and hip circumferences 
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This measurement should ideally be taken without clothing, that is, directly over the skin. 
If this is not possible, the measurement may be taken over light clothing, recording this fact on the 
data collection form. It must not be taken over thick or bulky clothing, which must be removed. If 
the participant reports that she is pregnant, the measurement is not taken. 
Waist circumference 
Position of waist circumference measurement 
Waist circumference should be measured at a level midway between the lower rib margin and the 
iliac crest, with the tape wrapped around the body in a horizontal position. 
Waist circumference measurement procedure 
1. Participants are asked to remove their clothes, except for light underwear. If this is not 
possible, for example due to cultural reasons, the person should remove heavy outer 
garments, and this should be recorded on the data collection form; tight clothing, including 
belts, should be loosened and pockets emptied. 
2. The measurer should stand at the side of the participant in order to have a clear view of the 
mirror. 
3. Participants should be standing with their feet fairly close together (about 12-15 cm) with 
their weight equally distributed on each leg. Participants are asked to breathe normally; 
reading of the measurement should be taken at the end of gentle exhaling. This will prevent 
subjects from contracting their abdominal muscles or from holding their breath. 
4. The measuring tape is held firmly, ensuring its horizontal position. If possible use the grid 
lines on the mirror to verify that the tape position is horizontal all around the waist. The 
tape should be loose enough to allow the observer to place one finger between the tape 
and the subjects body. 
Waist circumference exceeds the length of the tape 
If the waist circumference exceeds the length of the tape, this fact should be recorded on the data 
collection form together with the maximum length of the tape. 
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BodySTAT Bioimpedance Measurement 
BODYSTAT 1500 
Equipment: BODYSTAT 1500, body pads. 
Restrictions: None unless participant has a pacemaker 
Preparation:  
 Participant should not be wearing shoes or socks. 
 Ask the child to lie down comfortably on the couch (or table) provided. Arms should not be 
touching body sides, and legs should be slightly apart (to avoid conductivity in the wrong 
places).  
 Explain to the child that you want to measure his/her body build with this special 
instrument, that your will put some pads on his/her hands and feet and connect them up- 
but that nothing will hurt. 
 Place electrodes on RIGHT SIDED limbs, following picture guide 
 All electrodes should have their protruding part (which does not stick down) facing to the 
right side of the body. 
 Right hand, across and just behind the middle knuckle. 
 Right wrist, across the back of the wrist and next to the ulna head. 
 Right foot, immediately behind second toe. 
 Right ankle, midway between the medial and lateral malleoli. 
 The accurate positioning of the Wrist and the Ankle leads is especially important. 
 Then attach the cables- one pair of cables to the arm, one pair of cables to the leg (doesn’t 
matter which pair is which) 
 However, it is essential that the RED lead is connected to the more distal point (i.e. the 
finger or the toe) 
 The BLACK lead is connected to the proximal point (i.e. the wrist or the ankle) 
 The Bodystat instrument should be turned on. Press the ‘enter’ (return) button twice to 
make the bioimpedance measurement. 
Recording the Bodystat 1500 measurement 
 The result will be either a 3 or 4 digit number. If value is a 3 digit number, please enter a 
leading zero (e.g. 930 becomes 0938) 
 If it says “results not available” ignore and press return. 
 Leaving the electrodes in situ, repeat the reading. 
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 Once the result is recorded, turn the Bodystat off. Disconnect the cables, and remove pads 
(or ask child to do so) 
Bodystat 1500 Calibration 
With the Bodystat set up and turned on, connect one pair of Bodystat leads (red and black) to the 
left hand terminal of the calibration device, and set the other set to the right hand terminal. Then 
set the instrument to record a bioimpedance value. It should read between 496 and 503 please 
record the result on the calibration sheet. 
If it does not record in this range:- 
Replace the lead wires with a spare set and recalibrate. If the calibration is then satisfactory, isolate 
the old lead wires for removal. 
Replace the instrument battery and recalibrate. If the calibration is then satisfactory, isolate the old 
battery for removal. 
If the calibration is still off, use the backup instrument, notify investigators. 
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Appendix 8 Main stage data collection protocol 
SHAAK Protocol of Data collection and fieldwork 
 
After experimentation during the May pilot, the research team devised a ‘4x4’ method to help run 
data collection smoothly and efficiently. The following protocol describes this  method in a detailed 
manner to aid in future field visits and to ensure consistency  of field work. 
The 4x4 protocol includes the following aspects: 
 Initial school visit. 
 Room setting and equipment set up. 
 Designated tasks of the research team. 
 Student preparation and separation into 2 groups. 
 Workflow of the data collection. 
  Concluding process 
 
Initial school visit: 
 
 Approx time to complete the initial visit is 3 hours 
 
 The researcher visits the randomly picked school to prepare the principle about the 
date of the expected field work. 
 The principle is briefed about the purpose of the study and is presented with the 
necessary approval forms from the Ministry of Health and Ministry of Education. 
 The researcher asks the principle to allocate 2 classes from 2 different school 
grades, eg. Year 8 and Year 9 to be available on the field visit.  
 The researcher asks permission to give the two allocated classes a brief talk about 
the nature and purpose of the study. 
 In the class the researcher describes the nature of the study and its purpose, 
allowing questions from the students. 
 At the end of the discussion, the researcher hands out assent forms to the students 
and asks them to have it signed if they are willing to participate in the study. 
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 The researcher then asks to take a look at the school clinic which is where the field 
work takes place. 
 The researcher requests 8 chairs for the students to be available on the day of the 
visit. 
 In addition, the researcher requests that a school coordinator be present to aid in 
escorting students to and from class on the day of the field visit. 
 Finally the researcher thanks the principle and informs him/her of the time of  
arrival on day of field visit (approx 7.30am). 
 
Room setting and equipment set up: 
 
 Approx time to complete setting and set up is 30-40 mins. 
 On the day of the field visit, at approx 8.00am, the research team starts the day by 
preparing the room for the arrival of the students. 
 A sign with ‘DO NOT ENTER..MEDICAL EXAMINATION TAKING PLACE’ is placed on the 
door of the clinic. 
 The 8 chairs are divided. Four chairs near door of the clinic and four towards the end of 
the room. 
 A shoe bin is placed next to the door. 
 3 data collection stations are set up. 
 Station 1:  weight  scale, stadiometer,  body composition device placed on an 
examination bed. 
 Station 2: set up behind a medical screen, it includes, skin fold calipers, measuring tapes 
and clothes pegs. 
 Station 3: Two Blood Pressure devices,  accelerometers and instruction leaflets. 
 A pile of questionnaires and pens are placed near the chairs close to the door. 
 A lap top with a an accelerometer hub is placed near the third station. The lap top 
contains the Actigraph software to use if the need arises. 
 The general layout of the stations in the clinic should be logical and the stations placed 
in a way that minimizes students from facing each other or be close to each other. 
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Designated tasks of research team: 
 
 Approx time to complete a group of 8 students is 60 minutes. 
 Research team is made up of three personnel: Supervisor(myself), Fieldworker 1 and 
Fieldworker 2. 
 Station 1: Field worker 1 measures weight, height and body fat composition.  Field 
worker 1 usually  finishes early. In that case he/she can help Field worker 2 by 
measuring the body circumferences. 
 Station 2: Field worker 2 measures waist/hip circumferences, biceps, triceps, 
subscapular and suprailiac skin folds. This is done behind a medical screen to ensure 
privacy for the student.  Field worker 2 should minimize exposure by loosening the 
students school shirt and only exposing  area to be measured by securing a peg in place. 
 Station 3: Supervisor measures Blood pressure, resting heart rate of the student, then 
allows some time to explain in detail the purpose of  accelerometer, including 
instructions of how to wear it, when to wear it and all other information student is 
required  to know. 
 After helping the student wear the belt, making sure they know how to wear it 
themselves, the Supervisor hands out an instructional leaflet about accelerometer use 
as well. It is the Supervisors responsibility  to collect the completed questionnaires from 
the students once they have finished taking their measurements and making sure all the 
questions were answered. 
 The Supervisor is also responsible to supervise the field workers, keep an eye on the 
students, make sure the team is running on schedule and contacting the school 
coordinator after data collection has been completed.  
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Student preparation and separation into 2 groups: 
 
 Approx time to prepare and separate students is 5-7 mins. 
 As soon as the group of 8 students enter the class, they are told to take off their 
socks/shoes and place them in the provided shoe bin near the door. 
 The students are then greeted and seated in the provided chairs. The students are given 
questionnaires and pens. They are told to write their names and contact numbers on 
the cover page of the questionnaire. 
 The 4  students who complete their contact details the quickest are told to go to the 
various stations to be measured. They are told to keep their questionnaires with them 
the entire time.   
 The remaining 4 students are told to stay seated and to start completing the 
questionnaires. They are told to take their time and understand the questions. The 
students remain in their seats until the first group measurements are completed. 
 Then the 2 groups switch places, the measured group sits down in the chairs near the 
door and the questionnaire group go to the different stations to be measured. 
 
Work flow of the data collection: 
 
 Stations 1 and 2 require only one student at a time, whereas, station 3 can take two 
students.  
 It doesn’t matter which station the student goes to first as long as the students goes 
through all 3 stations. 
 The stations are placed in such a manner which allows the team to see what other 
members are doing while at the same time providing somewhat privacy  for the student 
present at each station. 
 At station 3 where 2 students are present, their seating arrangement enables the 
researcher to measure BP from right arm of both students, eg. Students seated with 
their backs to each other. 
271 
 
 The 2 groups never mix, once the first group finishes, the second group takes their 
place. 
 
Concluding process: 
 
 Approx time to wrap up is 20-30 mins 
 The research team packs up placing the equipment in their original boxes. 
 The questionnaires are counted to make sure nothing is missing. 
 The contact details are double checked.  
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Appendix 9 Histograms of the exposure and outcome continuous variables  
 
Accelerometer based MVPA 
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Self-reported MVPA 
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Accelerometer based SB 
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Self-reported SB 
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Waist circumference 
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Body fat percentage 
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Body mass index 
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Systolic blood pressure 
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Appendix 10 Prevalence of high blood pressure  
 
Blood pressure level derived variable: 
The participants’ BP levels were categorized as normal (<120/80) and high BP 
(≥120/80). The classification is partly based on the work of the National High Blood Pressure 
education programme (NHBPEP) working group on high BP in children and adolescents, its 
fourth report on the diagnosis, evaluation, and treatment of high BP in children and 
adolescents (299). This report is an update of the previous publication, Update on the Task 
Force Report (1987) on High Blood Pressure in Children and Adolescents (300). The 
recommendations on the diagnosis, evaluation, and treatment of hypertension in children and 
adolescents are based on English-language, peer-reviewed, scientific evidence (from 1997 to 
2004) and the consensus expert opinion of the NHBPEP Working Group. However, 
hypertension in children and adolescents is defined as systolic and/or diastolic BP that is, on 
repeated measurement, at or above the 95th percentile for sex, age and height or ≥120/80 
mmHg even if it is below the 95
th
 percentile.  
Results 
The prevalence of high BP levels by age and gender is presented in Table 6.6. For 
boys, the highest percentage of participants with high BP was among the 16 year olds 
(51.5%). The percentage of girls in the high BP category was highest among the 14 year olds. 
The 12 year old participants, both boys and girls, had the lowest percentage in the high BP 
category.  
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Table High blood pressure by age and gender  
Age (years) Male  
n (%) 
Female  
n (%) 
 Normal High blood 
pressure 
Normal High blood 
pressure 
12 19 (86.4) 3 (13.6) 46 (93.9) 3 (6.1) 
13 27 (50.0) 27 (50.4) 38 (77.6) 11 (22.4) 
14 43 (75.4) 14 (24.6) 34 (68.0) 16 (32.0) 
15 25 (53.2) 22 (46.8) 44 (83.0) 9 (17.0) 
16 32 (48.5) 34 (51.5) 45 (93.8) 3 (6.3) 
17 16 (55.2) 13 (44.8) 46 (95.8) 2 (4.2) 
Total 162 (58.9) 113 (41.1) 253 (85.2) 44 (14.8) 
 
Blood pressure levels in relation to the BMI status by age and gender are presented in Table 
6.7. In both genders, the percentage of those with high blood pressure increased with BMI 
status: normal, overweight and obese. These percentages were significantly higher in males 
than females. The percentage of high blood pressure increased significantly as the BMI 
increased.  
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Blood pressure levels by BMI status by age and gender 
   
Gender and Blood pressure levels 
Age 
(years) 
BMI 
Status 
Males Females 
   Normal  
n (%) 
High BP  
n (%) 
 Normal  
n (%) 
High BP 
n (%) 
 
 Normal  7 (100.0) 0.0  30 (100.0) 0.0 
12 Overweight  5 (83.3) 1(16.7)  11 (100.) 0.0 
 Obese  7(77.8) 2(22.2)  5 (62.5)    3(37.5) 
 
 Normal  12(75.0) 4(25.0)  23 (82.1) 5 (17.9) 
13 Overweight  7 (43.8) 9 (56.3)  11 (68.8) 5 (6.3) 
 Obese  8(36.4) 14 (63.6)  4 (80.0) 1 (20.0) 
 
 Normal  18 (78.3) 5 (21.7)  14 (77.8) 4 (22.2) 
14 Overweight  10 (66.7) 5 (33.3)  14 (63.6) 8 (36.4) 
 Obese  15(78.9) 4 (21.1)  6 (60.0) 4 (40.0) 
 
 Normal  15 (65.2) 8 (34.8)  22 (91.7) 2 (8.3) 
15 Overweight  8 (53.3) 7 (46.7)  16 (88.9) 2 (11.1) 
 Obese  2 (22.2) 7 (77.8)  6 (54.5) 5 (45.5) 
 
 Normal  14 (56.0) 11 (44.0)  23 (95.8) 1 (4.2) 
16 Overweight  7 (50.0) 7 (50.0)  12 (92.3) 1 (7.7) 
 Obese  11 (40.7) 16 (59.3)  10 (90.9) 1 (9.1) 
 
 Normal  12 (75.0) 4 (25.0)  26 (100.0) 0.0 
17 Overweight  1 (25.0) 3 (75.0)  13 (100.0) 0.0 
 Obese  3 (33.3) 6 (66.7)  7 (77.8) 2 (22.2) 
 
 Normal  78 (70.9) 32 (29.1)  138 (92.0) 12 (8.0) 
All ages Overweight  38 (54.3) 32 (45.7)  77 (82.8) 16 (17.2) 
 Obese  46 (48.4) 49 (51.6)  38 (70.4) 16 (29.6) 
 
Total n (%)       162 (58.9) 113 (41.1)  253 (85.2) 44(14.8) 
BMI status versus blood pressure level      (p<0.001)*                                      (p<0.001)* 
 
*Significant gender difference at p <0.05 assessed by chi-square for category
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Appendix 11 Correlation matrix 
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day 
*
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day 
*
* 
*
*               
total SB 
hours 
midpoint 
*
*  
* 
             
smoking 
*
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** 
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*
* 
*
* 
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** ** 
          
fresh fruit 
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*
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* 
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* Correlation is significant at the 0.05 level (2-tailed) ** Correlation is significant at the 0.01 level (2-tailed
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Appendix 12 Association of accelerometer based counts per valid minute with adiposity 
indices and blood pressure 
Table 1 presents the multivariable-adjusted associations between accelerometer based counts 
per valid minute (CPM)  and three adiposity indices in boys. Accelerometer based CPM was 
not associated with the BMI, body fat percentage or waist circumference.  
 
0Table 1 Multivariable-adjusted associations between accelerometer based counts per 
valid minute and adiposity outcomes in boys 
 Model 1 Model 2  Model 3 
†CPM Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
BMI Score outcome 
Accelerometer-based 
counts per valid 
minutes/day 
-0.01 (-1.01, 0.05)   
 
-0.25 (-1.21, 2.70)  -0.77 (-1.51, 1.06)  
 Body fat percentage outcome 
Accelerometer-based 
counts per valid †† 
minutes/day 
0.25 (-1.18, 1.85)  0.80 (-1.73, 2.33)  0.29 (-1.01, 2.92)  
 Waist circumference outcome 
Accelerometer-based 
counts per valid †† 
minutes/day 
0.91 (-3.22, 1.05) 0.88 (-3.11, 1.86) 0.45 (-2.62, 1.67) 
†CPM: Counts per valid minute ††Linear regression for participants with 1 valid day accelerometry data;  *Significant p 
value <0.05 Beta coefficient represent change in the outcome per minute of the exposure variable  
CPM variable is log transformed  
Model 1:adjusted for, age, accelerometer wear time and height (for models with waist circumference as outcome)  
Model 2: included variables from the first model plus portions of fruit and vegetables per day, smoking cigarettes per week 
and socioeconomic status score  
Model3: included variables from the second model plus accelerometer based SB as appropriate  
(n=206) : number of participants included in linear regression analysis 
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Table 2 presents the multivariable-adjusted associations between accelerometer based CPM  
and three adiposity indices in girls. Accelerometer based CPM was not associated with the 
BMI, body fat percentage or waist circumference. 
1 Table 2 Multivariable-adjusted associations between accelerometer based counts per 
valid minute and adiposity outcomes in girls 
 Model 1 Model 2  Model 3 
†CPM Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
BMI Score outcome 
Accelerometer-based 
counts per valid †† 
minutes/day 
-0.23 (-1.93, 2.47)   
 
-0.26 (-2.09, 1.57)  -0.31 (-2.35, 1.71)  
 Body fat percentage outcome 
Accelerometer-based 
counts per valid †† 
minutes/day 
-0.44 (-2.97, 2.09)  -0.58 (-2.21, 2.04)  -1.02 (-2.98, 1.92)  
 Waist circumference outcome 
Accelerometer-based 
counts per valid †† 
minutes/day 
1.69 (-2.71, 3.00)  1.26 (-1.14, 3.66)  1.54 (-1.23, 3.32)  
†CPM: Counts per valid minute ††Linear regression for participants with 1 valid day accelerometry data; *Significant p 
value <0.05 Beta coefficient represent change in the outcome per minute of the exposure variable  
CPM variable is log transformed  
Model 1:adjusted for, age, accelerometer wear time and height (for models with waist circumference as outcome)  
Model 2: included variables from the first model plus portions of fruit and vegetables per day, smoking cigarettes per week 
and socioeconomic status score   
Model3: included variables from the second model plus accelerometer based sedentary behaviour as appropriate  
(n=229) : number of participants included in linear regression analysis 
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Table 3 presents the multivariable-adjusted associations between accelerometer based CPM  
and systolic blood pressure in boys and girls. Accelerometer based CPM was not associated 
with the systolic blood pressure in boys or girls. 
 
1 Table 3 Multivariable-adjusted associations between accelerometer based counts per 
valid minute and systolic blood pressure outcome in boys and girls 
 Model 1 Model 2  Model 3 
Boys 
†CPM Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
Accelerometer-based 
counts per valid †† 
minutes/day 
-0.86 (-5.61, 5.87)  -0.07 (-3.86, 5.70)  1.46 (-2.99, 5.84)  
 Girls 
†CPM Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
Beta coefficient 
(95% CI)  
Accelerometer-based 
counts per valid †† 
minutes/day 
-1.20 (-2.39, 3.99) -0.56 (-2.90, 3.76)  0.09 (-2.61, 3.79)  
†CPM: Counts per valid minute ††Linear regression for participants with 1 valid day accelerometry data; *Significant p 
value <0.05  Beta coefficient represent change in the outcome per minute of the exposure variable  
CPM variables is log transformed  
Model 1: adjusted for age, height and accelerometer wear time  
Model 2: included variables from the first model plus portions of fruit and vegetables per day, smoking cigarettes per week 
and socioeconomic status score.  
Model3: included variables from the second model plus accelerometer based sedentary behaviour  
(n=206) : number of participants included in linear regression analysis in boys 
(n=212): number of participants included in linear regression analysis in girls 
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